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All values shown in this catalogue are subject to change for product 
improvement. | 

The information, diagrams and all other data included herein are 
believed to be correct and reliable. However, no responsibility is 
assumed by Mitsubishi Electric Corporation for their use, nor for 
any infringements of patents or other rights belonging to third 
parties which may result from their use. 


cc) 


MITSUBISHI LSts 


- PREFACE 


This data book is prepared to provide reference information 
on Mitsubishi microprocessors, IC memories and LSls for 
peripheral circuits. 

Mitsubishi has recently completed the development of a 
new concept in digital computer design. MELPS 8 (Mitsu- 
bishi Electric LSI Processor Series 8) is the family name of 
8-bit parallel CPU, IC memories and LSls for their 
peripheral circuits incorporating these new concepts. The 
design and manufacture include proprietary technology 
developed over many years of experience as a leader in the 
electronics industry. 

The MELPS 8 family has been developed with the total 
system in mind. This has resulted in a form of computer 
architecture with a built-in high degree of system modularity 
that will accommodate a large variety of !/O controllers and 
other commercial applications. A powerful application- 
oriented instruction set has been incorporated. Most impor- 
tant, however, this approach of total design provides the 
user the opportunity to substantially reduce system costs 
while simultaneously expanding operational capabilities. 

The MELPS 8 microprocessor M58710S is an 8-bit 
parallel central processing unit fabricated on a single chip 
using an N-channel silicon-gate process. While the latest 
state-of-the-art technology is used in this CPU, it is still 
compatible with the Intel 8080A in pin configuration, elec- 
trical characteristics, timing and software. A description 
and the specifications of the M58710S microprocessor are 
included in this data book. The user will find it easy to 
substitute this CPU in present systems and future systems 
being developed. 

Mitsubishi's new MELPS 8 family represents more than 
just acontinuing commitment to total coordinated hardware 
and software design. Because it is a full commitment to 
provide users with cost-effective hardware and a full range 
of software, the users can easily take full advantage of the 
powerful MELPS 8 family. 

Software must be evaluated along with the hardware 
when selecting a microprocessor. Savings a user may antici- 
pate if he selects cheap hardware will. soon disappear when 
the cost of developing an application program is added. A 
full range of software has been developed to assist users in 
implementing their applications. This includes such aids as 
simulators, cross compilers, assemblers, cross assemblers 
and a full subroutine library. The software support has even 
been extended to automatic design programs to assist in the 
development of special mask-ROMs made to customers’ 
specifications. 

Mitsubishi Electric is a billion dollar high-technology 
corporation operating world-wide to supply a broad range 
of products for industries such as communications, informa- 


tion processing, automatic control and aerospace. We 
pioneered the development of microelectronic devices. Since 


the introduction of our first MOS ICs in 1968, we have 
been producing a wide variety of products such as MOS LSls 
for desk-top calculators, C-MOS LSls for wrist watches and 
16-digit P-channel silicon gate microprocessors for electric 
cash registers. Mitsubishi has played a significant role in the 
evolution of microprocessors for almost a decade. 

Microelectronic technology has made giant strides since 
the introduction of the Intel 8080A. The performance of 
current devices has improved by magnitudes while the cost 
is a fraction of that of earlier devices. Manufacturing 
controls have been developed to increase the reliability of 
newer devices. The MELPS 8 is an industry leader in per- 
formance, reliability and cost because of advanced system 
architecture, manufacturing experience and quality control. 
A user would be well advised to consider Mitsubishi for 
their future needs of microelectronic devices. 


Koji Suzaki, Mgr. | 
Semiconductor Marketing Div., 
Mitsubishi Electric Corp. 
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designation temp. 


Ta (°C) 


Microprocessors 


| M58710S B080A 8-Bit Parallel CPU 36 inatiGations N. Si 


Static RAMs 


M58531P is, ool 256-Bit (256 x 1) Static RAM 


M58721P * 


ae ‘ i se 
ee 


, Si, ED 
° i = 
: é ‘a 


2101A-4 


M58721S wk 
2111A-4 
M58723S tees 
M58751P ae 
2102A-4 
M58751S 
Dynamic RAMs 
a 1024-Bit (256 x 1) Dynamic RAM 


2107B 


1024-Bit (256 x 4) Static RAM 


M58722P 
M58722S 
M58723P 


1024-Bit (256 x 4) Static RAM 


1024-Bit (256 x 4) Static RAM 


M58533P 


4096-Bit (4096 x 1) Dynamic RAM 


| m58755S-2 4096-Bit (4096 x1) Dynamic RAM 


* 
M58755S-3 * 4096-Bit (4096 x 1) Dynamic RAM 


M58756K 


4096-Bit (4096 x 1) Dynamic RAM 


M58756S 
Mask ROMs 


M58730-XXXS 
M 58730-001S 


M58731-XXXP *&*& 


8192-Bit (1024 x 8) Mask-Programmable ROM 
8192-Bit (1024 x 8) Mask-Programmed ROM 


Custom preduct 


8316 
M 58731-XXXS * 


Field Programmable ROMs 


2048-Bit (256 x 8 or 512 x 4) 512 x 4-bit organization is also possible. 
1702A P, Si, FA 0 ~70 
Erasable and Electrically Reprogrammable ROM Electrical programming, ultraviolet erasing 
2048-Bit (256 x 8 or 512 x 4) 512 x 4-bit organization is also possible. 
M58563S- 4 * 1702A ; P,Si,FA} O~ 70 
Electrical programming, ultraviolet erasing 
Al 


Erasable and Electrically Reprogrammable ROM 
M58651S wwe 12401 Electrica! programming and erasing . P, 


1 M54700K * 
6300 0~75 
- 


Shift Registers 


fusesoee——_—«d|_—~C~*«*iOR BN ABE XA) Dynamie SHIN Reg ———_—+d 
[wsescap |__| 1024-8 612 2) Dynamic Shit Register 
LSIs for Peripheral Circuits 
[wsessxxs «| Keyboard encod —SSSCSCS~S~S 
fwsess-o4s |__| Keyboard Encoder US cade wenderd prose 
Pmssezo-xxxs | Keyboard Encoder 
ae 


Subroutine 1: integer arithmetic operations 


16384 -Bit (2048 x 8) Mask-Programmable ROM Custom product 


Mask-Programmed ROM 


MELPS 8 basic operating monitor BOM-B 


M58563S * 


4096-Bit (1024 x 4) Electrically Alterable ROM 


| M54700P * 1024-Bit (256 x 4) Field Programmable ROM Ni-Cr fuse programming 
7 M54700S 


M54730K 


256-Bit (32 x 8) Field Programmable ROM 


| M54730P * Ni-Cr fuse programming 


with Open Collector Outputs 


M54730S 


for reed switch, 88 keys, 4 mode shifts 9-bit output 


for solid-state switch, 91 keys, 4 mode shifts, _ 
10-bit output 


M58620-001S Keyboard Encoder (JIS code standard product) 
M58740P 


k* 
Programmable Peripheral Interface 
M58740S * 


M54550P we 18244 Clock Generator and Driver for CPU M58710S CPU M58710S 
M54551K * 8228 System Controller and Bus Driver for CPU M58710S Bidirectional bus driver for data bus isolation 
| m54552P 8212 8-Bit Input/Output Port with Three-State Outputs De thie oe tem, meds ol 


Note 1 *=New product: ** =Under development 
2 N=N-channel, P=P-channel; Si=Silicon gate, Al=Aluminum gate, ED =Enhancement depletion mode, FA=FAMOS; B =Bipolar S=Schottkey 


8255 1/0 port for CPU M58710S. 24 1/0 pins 
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Clock voltage [Typ pwr Max cycle] Max fre- Package 
TTL com-} outline 


patibility 


dissipation] cess time | time quency 
(MHz ) 


Supply voltage Electrical characteristics Interchangeable products 


22P 1 P2101A-4 
5V4t5% OV 150 450 450 YES INTEL 
22S 1 
18P 1 
5V4t5% OV 150 450 450 YES INTEL 
18S 1 
|6P 1 
5V+t5% OV 150 450 YES INTEL 
16S 1 
16P 1 
5V+5% OV 100 450 450 YES INTEL 
16S 1 


Vss+3.5V 
OV 16Vt 5% 16Vt 5% INTEL P1103 
+0.5V 
C2107B 
% 5V+10% OV —5V+10% Voot1V 
TMS4060 - 
C2107B-4 
42V+ 10% 5V+10% Ov —-5V+10% Voo£1V 
TMS4060 
C2107B 
1{2V+10% 5V+10% OV —5V+10% Vooi1V 350 
TMS4060 2 
INTEL C2104 
12V + 10% 5V+10% OV —-5V+t10% 2.4 450 ; 
MOSTEK 4096 


P8316A 
5Vt5% Ov INTEL 
C8316A 


ae : ee ee) 
—-9VtE5% 

% 

Sve 5% : ah 
i ae 
a eon | 


—5Vt5%| S5Vt5% INTEL | P1ag2a 
—5vt5%}| 5V+5% | —- | — | 7-3] 


C2101A-4 
P2111A-4 


C2111A-4 


P2112A-4 
C2112A-4 
P2102A-4 


C2102A-4 


42V+10 


—AIVE4V 15 ae 


—12Vt1V 


—12V+10% 
—12V+10% 


5V4t 5% 


* : Propagation delay time t: Data frequency 
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| MS4551K B,S System Controller and Bus Driver for CPU M58710S 
| ms4552P B,S 8-Bit Input/Output Port with Three-State Output 
ae eee el Ee a: 
PROM | 1024-Bit (256 x4) Field Programmable ROM 6 —26 


M54700S 
M54730P 
M54730K 
M54730S 


256-Bit (82 <8) Field Programmable ROM 


PROM 
with Open Collector Outputs — 


M58502P 
M58503P 
M58504P 
M58531P 
M58533P 


P, Si S/R 1024-Bit (256 x 4) Dynamic Shift Register 
P, Si S/R 1024-Bit (612 X 2) Dynamic Shift Register 
P, Si S/R 1024-Bit (1024 x1) Dynamic Shift Register 
P, Si RAM 256-Bit (256 x1) Static RAM 
P, Si RAM 1024-Bit (256 x1) Dynamic RAM 
2048-Bit (256 <8 or 512 x4) Erasable and Electrically 


ee 


M58563S P, Si, FA PROM 6 —15 


Reprogrammable ROM 


2048-Bit (256 «8 or 512 x4) Erasable and Electrically 


PAM Reprogrammable ROM 


M58563S- 1 P, Si, FA 6:15 


M58651S A PROM 4096 -Bit (1024 x4) Electrically Alterable ROM 6 —20 


~~ 


M58609-04S 
M58609-XXS 


P, Al /O Keyboard Encoder (JIS Code Standard Product) 


P, Al 1/0 Keyboard Encoder 


a7 
M58620-001S P, Al Keyboard Encoder (JIS Code Standard Product) | g—14 | 
M58620-XXXS P, Al Keyboard Encoder | a9 | 
M58710S N,S 8-Bit Parallel CPU 
M58721P | | | | | | | 

3 N, Si, ED RAM 1024-Bit (256 x4) Static RAM 5 —27 

M58721S 
M58722P 

_Meez2P | sien | nam — | 1024-8 (256 x4) Static RAM 5-31 
M58722S 

: : 
Mester N, Si, ED RAM 1024-Bit (256 x4) Static RAM 5 —35 
M58723S ; 
M58730-001S ROM 8192-Bit (1024 x8) Mask-Programmed ROM 
M58730-XXXS ROM 8192-Bit (1024 x8) Mask-Programmable ROM 
M58731-001S N,Si,ED | ROM | 16384-Bit (2048 x8) Mask-Programmed ROM 
M58731-XXXP 


M58731-XXXS 
M58740P 


M58740S 
M58751P 


M58751S 

- M58755S- 1 
M58755S-2 
M58755S-3 
M58756K 
M58756S 


N, Si, ED 1/0 Programmable Peripheral Interface 8 —-17 


N, Si, ED RAM 1024-Bit (1024 x1) Static RAM 5 —13 


N, Si RAM 4096-Bit (4096 x 1) Dynamic RAM 5-17 | 
N, Si RAM 4096-Bit (4096 x 1) Dynamic RAM 5-17 
RAM 4096-Bit (4096 x 1) Dynamic RAM Seely a 


N, Si RAM 4096-Bit (4096 x 1) Dynamic RAM 


ee 
ROM | 6-4 | 
N, Si, ED ROM 16384-Bit (2048 x8) Mask-Programmable ROM ps3 


N, Si 


ol 
| 
> 
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Words 


32 
256 


512 


2048 


S/RS 
M58503P 


RAMs 
M58531P 


M54730P/M54730S / 
M54730K 


M58721P “M58721S 
M58722P “M58722S 
M58723P “M58723S 


PROMs M58563S 
M54700P/M54700S / M58563S - { 
‘M54700K 

S/RS 


M58502 P 


PROMS 


M58563S 
M58563S~ { 


EAROMS 
M58651S 


ROMS 
M58730-XXXS 
M58730-001S 


RAMS 
M58751P/M58751S 
M58533P 
S/RS 
M58504P 


ROMs 
M58731-XXXP/ 
M58731-XXXS 
M58731-001S 


RAMS 
M58755S~—1 
M58755S-2 
M58755S-3 

M58756K 
M58756S 
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GUIDE TO INTERCHANGEABILITIES 


Mitsubishi Advanced American | Electronic 


Function Circuit organization 


Electric 


Micro Microsystems Arrays 
Devices 


CPU M58710S 8-bit parallel AM39080A 


| 
| 
Static 


256X 4 bit 

1024 1 bit 

oe 
RAMS 
4096 X 1 bit 


M58756S 4096 X 1 bit 
M58730-XXXS | 1024 8 bit 


1024 8 bit 
M58731-XXXS | 2048 8 bit 


S3102 
S2103 
S4021-1 


S4021-4 uPD411D-3 


S4096-3 


Mask 
ROMs 


M58731-001S 


Field M58563S 256X 8 or 512X 4bit FAMOS 


Program- 


M58563S- 1 256 X 8 or 512 4 bit FAMOS 
M58651S | 1024 4 bit EAROM | 


M54700K 256 4 bit 

M54700P 256 X 4 bit 

Fusible M54700S 256 4 bit 
PROMs_ | M54740K 32x 8 bit 
| M54730P 32 8 bit 

32 X 8 bit 


| M54730S 


M58502P 256X 4 bit AM1402A 
MSSS04F AM A04A 
MEB609-XXS 


M58609-04S Keyboard encoder : 
M58620-XXXS | Keyboard encoder 

M58620-001S 
M54550P Clock generator/driver 


M54551K System controller/bus driver | 
M54552P 8-bit 1/O port AM8212 


M58740P | Programmable periph. interface 
M58740S Programmable periph. interface 


mable 
ROMs 


Dynamic 
| Shift 
Registers 


Keyboard encoder 


1/O 
divices 
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GUIDE TO INTERCHANGEABILITIES 


Fairchild - Monolithic 
Fujitsu Hitachi Intel Intersil Mostek 
Semiconductor Memories 


ke cTioia | IMTS MIKA007P 
HM45102 
MB8101 


P2101A-4 
MK4102P-1 


C2i01A-4 
P2111A-4 


MB8111 C2111A-4 
_ Paill 2A-4 
MB8112 C2112A-4 


P2102A-4 
C2102A-4 


MB8103 HM3503 C1103 
Mesio7 | | C2 1078 
C2107B-4 


G2107B 
D2104 


IM7552-1CPE 
IM7552-1CDE 


3524-5 MK 4006-6P 


MB8108 


F4096DC MB8214 MK4096 


i 


P8316A 
C8316A 


6300N 
6300 


6330N 
6330 


AL 


C1402 IM7702 
IM7703 


IM7704 


MB471 


C8255 


As of April, 1976. 
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ae Motorola 
Mitsubishi National Nippon 


Function Circuit organization Semiconductor 


Products 


Electric 


M58710S 8-bit parallel 


Semiconductor Electric 


INS8080A uPD8080A 


MM1101AN 


CPU 
uPD402D 


M58531P 256X 1 bit 
M58721P 256 X 4 bit 
M58721S 256 4 bit 
Stati M58722P 256 X 4 bit 
atic 
SS eae 


“wPD2101 


uPD2i11 


256X 4 bit 
256 4 bit 

1024X 1 bit 
=e —— 


MM1103D uPD404D 


uPD411D 


RAMs 4096 X 1 bit 
4096 X 1 bit 
| 

- 

ae 2048 X 8 bit 


Field | M58563S 256 X 8 or 512X 4bit FAMOS 


Program| S86636- | 256 8 or 512X 4 bit FAMOS 


uPD411D-3 


“uwPD414D 


MM1 702A 


mable 


ROMs M58651S 1024 4 bit EAROM 


M54700K 256 4 bit 
Fusible 
| PROMs 


M54700P | 256 4 bit 
Dynamic 


M54700S 256 X 4 bit 
Shift 


Registers | 5g504P 1024 1 bit 


M54740K 32X 8 bit 
M54730P 32X 8 bit 
M547305 
256X 4 bit 
512 2 bit 


MM1402A 
MM1403A 
MM1404A 


M58609-XXS 
M58609-04S Keyboard encoder 
[Keyboard encoder 
‘ 
divices 
|ms4ss2P 
|Msg74oP 


uPB8224D 
uPB8228D 
UPB8212D 


M54551K System controller/bus driver 


M54552P 8-bit 1/0 port 


M58740P Programmable periph. interface 
M58740S Programmable periph. interface 


uPD8255C 
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Texas General 


Instruments Instrument 


isa | Cis 
Twsaaz [sd 
TMS4033 T3382 2602 Po 
a CC 
T™sa060 | 

TMS4086 nel ae 
Tws4700 | ——S—~sSCS~SSCSSd 
a 
ee ee 
nae] a S221 


As of April, 1976. 
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ORDERING INFORMATION 


FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using a simplified alphanumeric type- -code 


which defines the function of the ICs and the package style. 
Example: M 5 87 55 S$ — 1 


M: Mitsubishi integrated circuit prefix 


Temperature range 


5: Standard industrial/commercial 
(0 to 75°C or —20 to 85°C). 
9: High reliability (military) 


Series designation using 1 or 2 alpha- 

numeric characters. 

Le TS: Linear circuit 

3: TTL 

32~ 33: TTL (equivalent to Texas 
Instruments’ SN74 series) 

41~47: TTL 

84: CMOS 

85: P-channel silicon gate MOS 

86: P-channel aluminum gate MOS 

87: N-channel silicon gate MOS 

9: DTL 

$32~S$33: Schottky TTL (equivalent to 
Texas Instruments’ SN74S 
series) 


Circuit function identification code using 2 
digits. . | 


Package style 
B: Resin-sealed ceramic dual in-line (DIL) 
K: Glass-sealed ceramic dual in-line (DIL) 
P: Molded plastic dual in-line (DIL) 
S: Metal-sealed ceramic dual in-line (DIL) 


Electrical characteristic identification code 
using 1 digit. 


PACKAGE CODE 
Package style may be specified by using the following simplified alphanumeric code. 


Example: 24 P 1 


Number of pins 


Package structure 
B: Resin-sealed ceramic 
K: Glass-sealed ceramic 
P: Molded plastic 
S: Metal-sealed ceramic 


Package outline 
1: DIL without fin 
10: DIL without fin and with quartz lid 
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PACKAGE OUTLINES 


TYPE 16P1 16-PIN MOLDED PLASTIC DIL 


20.2MAX 


8 .OOMAX 


co 


[0.25 +0.05 


+ 2.38 
7.62 00 


TYPE 16K1 16-PIN GLASS-SEALED CERAMIC DIL 


20.0MAX 


8 .QOMAX 


+ 0.25+0.05 | 


+2.00 
7.62 —0_00 
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PACKAGE OUTLINES 


TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL 


20.8MAX 


8.13MAX 


za 0.25+0.05 | 


+1.38 
7.62 —0.00 


TYPE 18P1 18-PIN MOLDED PLASTIC DIL 


22.9MAX 


8 .0OMAX 


a 


ss ll +0.05 | 


+2.38 
—0.0 


1.65MAX 2.54+0.3  0.6MAX 
7.62 | 


MITSUBISHI 
2-4 ELECTRIC — 


MITSUBISHI LSis 


PACKAGE OUTLINES 


TYPE 22P1 22-PIN MOLDED PLASTIC DIL 


29.5MAX 


eee ie eee 


11.0MAX 


; 


ef 
2.54+0.3 0.60MAX 


TYPE 22S1 22-PIN METAL-SEALED CERAMIC DIL 


27.94MAX 


11.0MAX 


=a 


-_f.-25+0.05 
one oe 
1.65MAX 2.54+0.3 0.61MAX 


MITSUBISHI | 
ELECTRIC | 2-5 


MITSUBISHI LSis 


PACKAGE OUTLINES 


TYPE 24P1 24-PIN MOLDED PLASTIC DIL 


32.1MAX 


16.0MAX 


_{Lo. 25+0.05 


+1.76 
15.24 _ "99 


TYPE 24S1 24-PIN METAL-SEALED CERAMIC DIL 


30.8MAX 


16.0MAX 


| 


40.25+0.05 


+0.76 


1520, G4 
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PACKAGE OUTLINES 


| TYPE 24S10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID 


30. 8MAX 


oe 


16.0MAX 


——— | 


[L025 £0.05 


1.65MAX 2.54+0.3 0.56MAX 
+0.76 
15.24 oo, 


TYPE 28K1 28-PINGLASS-SEALED CERAMIC DIL 


38.OMAX 


16.0MAX 


= al +0.1 | 
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PACKAGE OUTLINES 


TYPE 40P1 40-PIN MOLDED PLASTIC DIL 


52.5MAX 


16.0MAX 


1 : + : 
-aij-0-25 £0.05 


+176 
15.24 _9' 99 


TYPE 40B1 40-PIN RESIN-SEALED CERAMIC DIL 


51.5MAX 


| 16.0MAX 


ii O29 +0.05 | 


+4.5 
15.24 Te 
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PACKAGE OUTLINES 


TYPE 40S1 40-PIN METAL-SEALED CERAMIC DIL 


51.0MAX 


16.0MAX 


. 0 25 +0 05 , : ' T 
sale ' / —»|—fe ot 
. MAX e 4 “e 5 * A 


15.24 4°54 
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GENERAL 


Semiconductor A material with resistivity usually in the - 


range between metals and insulators, in which the elec- 
trical charge carrier concentration increases with in- 
creasing temperature range. 

Extrinsic semiconductor A semiconductor with charge 
carrier concentration dependent upon impurities or 
other imperfections. 

N-type semiconductor 
which the conduction electron density exceeds the 
mobile hole density. 

P-type semiconductor An extrinsic semiconductor in which 
the mobile hole density exceeds the conduction electron 
density. 

Junction A region of transition between semiconducting 
regions of different electrical properties. 

PN junction A junction between P- and N-type semi- 
conductor materials. 

Depletion layer A region in which the mobile charge carrier 
density is insufficient to neutralize the net fixed charge 
density of donors and acceptors. . 

Breakdown (of a-reverse-biased PN junction) A phenome- 
non, the initiation of which is observed as a transition 
from a state of dynamic resistance to a state of sub- 
stantially lower dynamic resistance for increasing the 
magnitude of a reverse current. 

Semiconductor device A device whose essential charac- 
teristics are due to the flow of charge carriers within 
a semiconductor. 

Reverse voitage The voltage across a junction or a diode 
when biased in the direction corresponding to the higher 
resistance. 

Breakdown voltage The reverse voltage at which the reverse 
current through a junction becomes greater than a 
specified value. 

Case temperature The temperature measured at a specified 
point on the case of a semiconductor device. 

Storage temperature The temperature at which a semi- 
conductor device is stored without any voltage applied. 


INTEGRATED CIRCUITS 

Microelectronics The concept of the construction and use 
of highly miniaturized electronic circuits. 

Microcircuit A microelectronic device, having a high equiv- 
alent circuit-element and/or component density, which 
is considered as a single unit. 


Note: A microcircuit may be a microassembly or an integrated (micro) circuit. 


Integrated circuit A circuit in which a number of circuit 
elements are inseparably associated and electrically inter- 


An extrinsic semiconductor in 


connected, so that, for the purpose of specification, 
testing, Commerce and maintenance, it is considered 
indivisible. 

Note: For this definition, a circuit element does not have an envelope or external 


connection and is not specified or sold as a separate item. 


Integrated microcircuit A microcircuit in which a number 
of circuit elements are inseparably associated and electri- 
cally interconnected, so that, for the purpose of speci- 
fication, testing, commerce and maintenance, it is con- 
sidered indivisible. 

Note 1: For this definition, a circuit element does not have an envelope or external 
connection and is not specified or sold as a separate item. 
2: Where no misunderstanding is possible, the term ‘integrated microcircuit’ 
may be abbreviated to ‘integrated circuit 
3: Further qualifying terms may be used to describe the technique used in 
the manufacture of a specific integrated microcircuit. 
Examples of the use of qualifying terms are: 
semiconductor monolithic integrated circuit, 
semiconductor multichip integrated circuit, 
thin film integrated circuit, 
thick film integrated circuit, 


hybrid integrated circuit. 


Microassembly A microcircuit consisting of various com- 
ponents and/or integrated microcircuits which are con- 
structed separately and which can be tested before being 
assembled and packaged. 


Note 1: For this definition, a component has external connections and possibly an 
envelope as well and it also can be specified and sold as a separate item. 
2: Further qualifying terms may be used to describe the form of the components 
and/or the assembly techniques used in the construction of a specific 
microassembly . 
Examples of. use of qualifying terms are: 
semiconductor multichip microassembly, 
discrete component microassembly . 


Integrated electronics The art and technology of the design, 
fabrication and use of integrated circuits. 

Worst-case conditions (for a single characteristic) The 
values of the applied conditions which individually are 
chosen from within a specified range and together 
produce the most unfavorable value for a considered 
characteristic. 


Note: Worst-case conditions for different characteristics may be different. 


DIGITAL INTEGRATED CIRCUITS 

Digital signal The variation with time of a physical quantity 
that is used for the transmission of information or for: 
information processing, and that has a finite number of 
nonoverlapping ranges of values. 


Note 1: The physical quantity may be voltage, or current, or impedance, etc. 
2: For convenience, each range of values can be represented by a single 
value—e.g., the nominal value. 
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Binary signal A digital signal with only two possible ranges 
of values. 


Note: For convenience, each range of values can be represented by a single value— 
€.g., the nominal value. 


Low range (of a binary signal) The range of least positive 
(most negative) levels of a binary signal. 


Note: This range is often denoted by ‘L-range,’ and any level in the range by ‘L-level.’ 


High range (of a binary signal) The range of most positive 
(least negative) levels of a binary signal. 


Note: This range is often denoted by ‘H-range, and any level in the range by ‘H- 


level.’ 
Digital circuit A circuit which is designed to operate by 
means of digital signals at the input(s) and at the 
output(s). 


Note 1: In this definition, it is understood that ‘inputs’ and ‘outputs’ exclude static 
power supplies. 

2: In some digital circuits—e.g., certain types of astable circuits—the inputs 
need not exist. 


Binary circuit A digital circuit designed to operate with 
binary signals. 


Note: The pairs of ranges of values of the binary signals may be different at differ- 
ent terminals. 


Input configuration (input pattern) (of a binary circuit) 
A combination of the L-levels and H-levels at the input 
terminals at a given instant. | 

Output configuration (output pattern) (of a binary circuit) 
A combination of the L-levels and H-levels at the output 
terminals at a given instant. 


Note: When there is no possibility of ambiguity, the output configuration (output 
pattern) may be represented by the level (expressed as L-level or H-level) of 
the signal at a stated output terminal of the circuit (the reference output 
terminal). 


Input terminal A terminal by means of which an applied 
signal may modify the output configuration (output 
pattern) of the circuit—either directly or indirectly— 
by modifying the ways in which the circuit reacts to 
signals at other terminals. 

Combinatorial (digital) circuit A digital circuit in which 
there exists one, and only one, combination of the 
digital signals at the outputs for each possible combina- 
tion of digital signals at the inputs. 

Sequential (digital) circuit A digital circuit in which there 
exists at least one combination of the digital signals at 
the inputs for which there is more than one correspond- 
ing combination of the digital signals at the outputs. 


to 


Note: These combinations at the outputs are determined by previous history—e.g., 


asa result of internal memory or delay. 


Elementary combinatorial circuit A binary combinatorial 
(digital) circuit which has only one output terminal, and 
in which the output signal accepts the value occurring 
only once in the function if, and only if, the signals 
applied to all the input terminals are either all in the 
H-range or all in the L-range. 


Note 1: Because the output signal value (Occurring only once in the function table) 
can lie either in the H-range or in the L-range, there are four types of ele- 
mentary combinatorial circuits. 

According to the assignment of the signal values L and H to the binary 
values 0 and 1 of Boolean algebra, the following 'logic operations can be 
realized by means of the four types of elementary combinatorial circuits: 
AND, OR, NAND, NOR. 

2:\Nonelementary combinatorial circuits can be formed by combining ele- 
mentary combinatorial circuits or by combining elementary combinatorial 


Circuits with inverters. 


Function table A _ representation of the necessary or 
possible relations between the values of the digital signals 
at the inputs and the outputs of a digital circuit, these 
values of the digital signals being indicated either by 
using electrical values directly or by stating the electrical 
significance of the symbols—e.g., L and H for binary 
circuits. Generally, every column indicates the values of 
the digital signals at an input or at an output of the 
digital circuit; every row indicates the combination of 
values of the digital signals at the input(s) and the 
resulting values of the digital signals at the output(s); 
whenever the value of the digital signal at an output is 
not determined, it should be indicated by a question 
mark; whenever the value of a digital signal at an input 
has no influence, it should be indicated by the symbol 
L/H or X. 


Truth table (for a relation between digital variables) A 
representation of the logic relationship between one or 
more independent digital variables and one or more 
dependent digital variables, by means of a table which, 
for each possible combination of the values of the inde- 
pendent variables, gives the appropriate values of the 
dependent variables. 


Note: The distinction between ‘function table’ and ‘truth table’ is fundamentally 
necessary, because the same digital circuit may fulfill several different logic 
operations, according to the arbitrary assignment of the values of the digital 
variables to the values of the digital electrical quantities. 


Input loading factor (of a bipolar digital circuit) A factor 
which indicates the ratio of the input current of a 
specified input terminal of a digital circuit to the input 
current of a particular circuit which is chosen as a 
reference load. | 


Note: The reference load should preferably be chosen in such a way that the input 
loading factor becomes an integer. 
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Output loading capability (of a bipolar digital circuit) A 
factor which indicates the ratio of the maximum output 
current of a specified output terminal of a digital circuit 
to the input current of a particular circuit which is 
chosen as a reference load. 


Note: The reference load should preferably be chosen in such a way that the output 
loading capability becomes an integer. 


Excitation An input configuration (input pattern), or 
change in input configuration (input pattern), that can: 
cause the circuit to change its output configuration (out- 
put pattern), either directly, or in conjunction with an 
already existing state of preparedness; or put the circuit 
in a state of preparedness; or either cancel or modify an 
already existing state of preparedness. 


Note 1: The repetition or reiteration of a given excitation will not necessarily 
produce the same effect. 
2: In some cases, an excitation can also maintain an output configuration 
(output pattern) which it could have produced. 


Expander circuit An auxiliary circuit which can be used to 
expand the number of inputs of equal influence of an 
associated circuit without modifying the function of the 
associated circuit. 

Binary inverter A binary circuit which has only one input 
terminal and one output terminal, and in which a signal 
value L (or H) at the input produces a signal value H (or 
L) at the output. 

Function (sequential) matrix A table having several inputs 
which gives the possible output configurations for each 
input configuration(s) and from which the output con- 
figuration(s) resulting from a transition from each indi- 
vidual input configuration to any other input configura- 
tion can be read directly. 


Note: Where appropriate, a function (sequential) matrix may be completed by addi- 
tional data or details concerning time conditions—e.g., transition times for the 
input levels, delay time, duration of the input configuration to produce a 
desired new output configuration. 


SEQUENTIAL CIRCUITS 

Master-slave arrangement An arrangement of two bistable 
circuits such that one of them, called the ‘slave,’ repro- 
duces the output configuration of the other circuit, 
called the ‘master.’ The transfer of information from the 
master to the slave is produced by means of an appro- 
priate signal. . 

Register An arrangement of bistable circuits by means of 
which information may be accepted, stored and resti- 
tuted. 


Note: The register may form part of another memory and is of a specified capacity. 


Shift Register A register that, by means of an appropriate 
contro! signal, can transfer information between con- 
secutive bistable circuits with the sequence being 
preserved. 

Counter A sequential circuit for storing numbers that 
permits such numbers to be incremented or decremented 
by a defined constant, including unity. 


TIME INTERVALS BETWEEN INPUT SIGNALS 


Setup time (tsu) (of a digital circuit) The time interval 


between the application of a signal which is maintained 
at a specified input terminal and a consecutive active 
transition at another specified input terminal. 


Note 1: The setup time is measured between the instants at which the magnitudes 
of the two signals pass through specified values within the transition of the 
signal levels. 

2: The setup time is the actual time between two events and may be insuf- 
ficient to accomplish the setup. A minimum value is specified which is the 
shortest interval for which correct operation of the digital circuit is guaranteed. 

3: The setup time may have a negative value, in which case the minimum 
limit for which correct operation of the digital circuit is guaranteed defines 
the longest interval between the active transition and the application of the 
other signal 


Hold time (tn) (of a digital circuit) The time interval during 
which a signal is retained at a specified input terminal 
after an active transition occurs at another specified 
input terminal. 


Note 1: The hold time is measured between the instants at which the magnitudes 
of the two signals pass through specified values within the transitions of 
the signal levels. 

2: The hold time is the actual time between two events and may be insuf- 
ficient to accomplish the intended result. 

A minimum value is specified which is the shortest interval for which correct 
operation of the digital circuit is guaranteed. 

3: The hold time may have a negative value, in which case the minimum 
limit for which correct operation of the digital circuit is guaranteed defines 
the longest interval between the change of the signal and the active 
transition. 


Resolution time (tres) (of a digital circuit) The time interval 
between the cessation of one input pulse and the com- 
mencement of the next input pulse applied to the same 
input terminal. 


Note 1: The resolution time is measured between the instants at which the magni- 
tude of the input signal passes through specified values within the transitions 
of the signal levels. 

2: The resolution time is the actual time between two pulses and may be in- 
sufficient to ensure that both pulses are recognized. A minimum value is 
specified which is the shortest interval for which correct operation of the 
digital circuit is guaranteed. 


MITSUBISHI 


ELECTRIC 


te 


MITSUBISHI LSIs 


TERMINOLOGY 


SWITCHING TIMES OF BINARY CIRCUITS 

High-level to low-level (low-level to high-level) propagation 
time (tpi, and tp, ,,) The time interval between specified 
reference points on the input and on the output pulses, 
when the output is going to the low (high) level and 
when the device is driven and loaded by typical devices 
of stated type. 


Note: The mean value between the upper ljmit of the input low range and the lower 


limit of the input high range is generally used as the specified reference level. 


High-level! to low-level (low-level to high-level) delay time 
(toH_ and tp.) The time interval between specified 
reference points on the input and on the output pulses, 
when the output is going to the low (high) level and when 
the device is driven and loaded by specified networks. 

High-level to low-level (low-level to high-level) transition 
time (t+,4, and t+.) The time interval between specified 
reference points on the edge of the output pulse when 
the output is going to the low (high) level and when a 
specified input signal is applied through a specified 
network and the output is loaded by another specified 
network. 


INTEGRATED CIRCUIT MEMORIES 

Memory cell (memory element) The smallest subdivision of 
a memory into which a unit of data has been or can be 
entered, in which it is or can be stored, and from which 
it can be retrieved. 

Integrated circuit memory An integrated circuit consisting 
of memory cells (elements) and usually including associ- 
ated circuits such as those for address selection, ampli- 
fiers, etc. 

Read-only memory (ROM) A memory intended to be read 
only. 


Note: Uniess otherwise specified, the term ‘read-only memory’ implies that the 
content is unalterable, and defined by its structure. 


Fixed-programmed read-only memory A read-only memory 
in which the data contents of each cell (element) are 
determined during manufacture and are thereafter un- 
alterable. 

Mask-programmed read-only memory A fixed-programmed 
read-only memory in which the data contents of each cell 
(element) are determined during manufacture by the use 
of a mask. 

Field-programmable read-only memory A read-only 
memory that, after being manufactured, can have the 
data content of each memory cell (element) altered. 

Programmable read-only memory (PROM) A read-only 
memory that can have the data content of each memory 
cell (element) altered once only. 


Reprogrammable read-only memory A read-only memory 
that can have the data content of each memory cell 
(element) altered more than once. 

Read/write memory A memory in which each cell 
(element) may be selected by applying appropriate elec- 
trical input signals, and in which the stored data may be 
either: a) sensed at appropriate output terminals; or b) 
changed in response to other similar electrical input 
signals. 

Static read/write memory A memory in which the data 
are retained in the absence of control signals. 


Note 1: The words ‘read/write’ may be omitted from the term when no misunder- 
standing will result. 
2: A static memory may use dynamic addressing or sensing circuits. 


Dynamic read/write memory A memory in which the 
cells (elements) require the repetitive application of con- 
trol signals in order to retain the data stored. 


Note 1: The words ‘read/write’ may be omitted from the term when no misunder - 


standing will result. 
2: Such repetitive application of the control signals is normally called a refresh 
operation. 


wo 


A dynamic memory may use static addressing or sensing circuits. 


pa 


: This definition applies whether the control signals are generated inside or 
outside the integrated circuit. 


Volatile memory A memory whose data content is lost 
when the power supply is disconnected. 

Random-access memory (RAM) A memory that permits 
access to any of its address locations in any desired 
sequence. 
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MICROPROCESSOR INTEGRATED CIRCUITS 


Microprocessor integrated circuit An integrated circuit 
capable of: 
1. Accepting coded instructions at one or more ter- 
minals. 
2. Carrying out, in accordance with the instructions 
received, all of: 

a. the acceptance of coded data for processing and/or 
storage; 

b. arithmetic and logical operations on the input data 
together with any relevant data stored in the 
microprocessor integrated circuit; 

c. the delivery of coded data. 

3. Accepting and/or delivering signals controlling and/or 
describing the operation or state of the microproces- 
sor integrated circuit. 


Note: The instructions may be fed in, built in, or held in an internal store. 


Note: The definitions of terms described here are ex- 
tracted from IEC publication 147-0. Some of the 
terms for integrated circuit memories and micro- 
processors are under consideration. 
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IBB( AV) 
loc 
ICC( AV) 
ICC(PD) 
loo 
IDD( AV) 
IGG 

| GG( AV) 
1 

1H 


tc (REF) 
tc (RD) 
tc (RMW) 


te (WR) 
tdv(AD) 


tdv(CE) 
tdv(cs) 
td 
td(¢) 
TDHL 
ToLH 
tf 

th 

th( abd) 
th(CE) 


thics) 
Th(DA) 
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FOR DIGITAL INTEGRATED CIRCUITS 


Parameter—definition 


Input capacitance 

Output capacitance 

Input/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Current— the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 

Supply current from VeB 

Average supply current from Veep 

Supply current from Voc 

Average supply current from Voc 

Power-down supply current from Voc 

Supply current from Vpp 

Average supply current from Vop 

Supply current from Vag 

Average supply current from Vgg 

Input current 

High-level input current—the value of the input current when Vo; is applied to the input considered 

Low-level input current—the value of the input current when Vo, !s applied to the input considered 

High-level output current—the value of the output current when Voy is applied to the output considered 

Low-level output current—the value of the output current when Vo, is applied to the output considered 

Off-state (high-impedance-state) output current—the current into an output having a three-state capability with input conditions so applied that it will establish, 
according to the product specification, the off (high-impedance) state at the output 

Off-state (high-impedance-state) output current, with high-level voltage applied to’ the output 

Off-state (high-impedance-state) output current, with low-level voltage applied to the output 

Short-circuit output current 

Vss supply current 

Power dissipation 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signals at an output 

Address access time-—the time interval between the application of an address input pulse and the availability of valid data signals at an-output 

Chip enable access time 

Chip select access time 

Cycle time 

Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

Read cycle time—the time interval between the start of a read cycle and the start of the next cycle 

Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data are entered, and the start of the 
next cycle 

Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 

Data valid time with respect to address—the time interval following an initial change of address during which data stored at the initial address continues to 
be valid at the output 

Data valid time with respect to chip enable—thne time interval following chip enable during which output data continues to be valid 

Data valid time with respect to chip select—the time interval following chip select during which output data continues to be valid 

Delay time—the time between the specified reference points on two pulses 

Delay time between clock pulses—e.g., symbology: delay time, clock 1 to clock 2 or clock 2 to clock 1 

High-level to low-level delay time —the time interval between specified reference points on the input and on the output pulses, when the output is going to 

Low-level to high-level delay time —the low (high) level and when the device is driven and loaded by specified networks 

Fall time 

Hold time—the time interval during which a signal is retained at a specified input termina) after an active transition Gccurs at another specified input terminal 

Address hold time 

Chip enable hold time 


Chip select hold time 
Data hold time 
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thc Rb) 
thc wr) 
TPHL 

TPLH 
tr 
tsu 


tsu(AD) 


t sus AD- wR) 
tsu(CE-P) 


tsu(cs) 


tsu(cs-wr) 


tsu(DA) 


tsu(P-CE) 


tsu(RD) 
tsu( wR) 
tTHL 
tTLH 


tw 
tw (CE) 
tw(CEH) 
tw (CEL) 
tw(cs) 
tw(RD) 
Tw( wr) 
tw(¢) 
twr 

Ta 
Topr 
Tstg 
VBB 


Read hold time 

Write hold time 

High-level to low-level propagation time—the time interval between specified reference points on the input and on the output pulses when the output is 

Low-level to high-level propagation time—the going to the low (high) level and when the device is driven and loaded by typical devices of stated type 

Rise time | 

Setup time—the time interval between the application of a signal which is maintained at a specified input terminal and a consecutive active transition at 
another specified input terminal 

Address setup time 

Address setup time with respect to write 

Chip enable setup time with respect to precharge 

Chip select setup time 

Chip select setup time with respect to write 

Data setup time 

Precharge setup time with respect to chip enable 

Read setup time 

Write setup time 

High-level to low-level transition time—the time interval between specified reference points on the edge of the output pulse when the output is going to 

Low-level to high-level transition time—the low (high) level and when a specified input signal is applied through a specified network and the output is 

. loaded by another specified network 

Pulse width—the time interval between specified reference points on the leading and trailing edges of the waveforms 

Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Chip select pulse width 

Read pulse width 

Write pulse width 

Clock pulse width 

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 

Ambient temperature 

Operating temperature 

Storage temperature 

V BB supply voltage 

VCC supply voltage 

VDD supply voltage 

VGG supply voltage 

input voltage 

High-level input voltage—the value of the permitted high-state voltage at the input 

Low-level input voltage—the value of the permitted low-state voltage range at the input 

Output voltage | 

High-level output voltage—the value of the guaranteed high-state voltage range at the output 


Low-level output voltage—the value of the guaranteed low-state voltage range at the output 


Note: The symbols shown here are, with some exceptions, extracted from IEC publication 148. 
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1. PLANNING 

In recent years, advances in integrated circuits have been 
rapid, with increasing density and speed accompanied by 
decreasing cost. Because of these advances, it is now 
practical and economically justifiable to use these devices 
in systems of greater complexity and in which they were 
previously considered too expensive. All of these advances 
add up to increased demand. 

We at Mitsubishi foresaw this increased demand and 
organized our production facilities to meet it. We also 
realized that simply increasing production to meet the 
demand was not enough and that positive steps would have 
to be taken to assure the reliability of our products. 

This realization resulted in development of our Quality 
Assurance System. The system has resulted in improved 
productus, and Mitsubishi is able to supply its customers’ 
needs with ICs of high reliability and stable quality. This 
system is the key to future planning for improved design, 
production and quality assurance. 


2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System imposes quality controls 


on Mitsubishi products from the initial conception of a 
new product to the final delivery of the product to the 
customer. A diagram of the total system is shown in Fig. 1. 
For ease of understanding, the system is divided into three 
stages. 


2.1 Quality Assurance in the Design Stage 

The characteristics of the bread-board devices are carefully 
checked to assure that all specifications are met. Standard 
integrated circuits and high-quality discrete components are 
used. During the design stage, extensive use is made of a 
sophisticated CAD program, which is updated to always 
include the latest state-of-the-art techniques. 


2.2 Quality Assurance in the Limited- 
Manufacturing Stage 
Rigid controls are maintained on the environment, incom- 
ing material and manufacturing equipment such as tools 
and test equipment. The products and materials used are 
subjected to stringent tests and inspections as they are 
manufactured. Wafer production is closely monitored. 
Finally, a tough quality assurance test and inspection is 
made before the product is released for delivery to a 
customer. This final test includes a complete visual inspec- 
tion, and electrical characteristics tests. A sampling 
technique is used to conduct tests under severe operating 
conditions to assure that the products meet reliability 
specifications. Pictures of some of the test equipment used 
are shown in Figs. 2 ~ 5. 


2.3 Quality Assurance in the Full Production Stage 
Full production of a product is not started until it has been 
confirmed that it can be manufactured to meet quality and 
reliability specifications. The controls, tests and inspection 


procedures developed in §2.2 are continued. The closest 
monitoring assures that they are complied with. 


3. RELIABILITY CONTROL 


3.1 Reliability Tests 

The newly established Reliability Center for Electronic 
Components of Japan has established a qualification system 
for electronic components. Reliability test methods and 
procedures are developed to mainly meet MIL-STD-883 
and EIAJ-IC-121 specifications. Details of typical tests used 
on Mitsubishi !Cs are shown in Table 1. 

Table 1 Typical reliability test items and conditions 


Souci Maximum operating ambient temperature 1000h 
an 7 
1 AG ede Maximum storage temperature 1000h 
65°C 95%RH 500h 
Soldering heat 260°C 10s 
2 


Thermal shock O~100°C 15 cycles, 10min/cycle 


Temperature cycle Minimum to maximum storage temperature 
10 cycles of 1h/cycle 
Soldering 230°C, 5s, use rosin flux 
ressneant Tension: 340g 30s 
we ony Bending stress: 225g, +30”, 3 times 
3 Worst 20G, X. Y. Z each direction, 4 times 
oe 100~2000Hz—4 min/cycle 


Dropping 75cm, 3 times, wood plate, Y, direction 


Constant 
acceleration 


20000G, Y, direction, 1 min 


3.2 Failure Analysis 
Devices that have failed during reliability or acceleration 


tests are analyzed to determine the cause of failure. This 
information is fed back to the process engineering section 
and manufacturing section so that improvements can be 
made to increase reliability. A summary of failure analysis 
procedures is shown in Table 2. 


Table 2 Summary of failure analysis procedures 


O Inspection of leads, plating, soldering and welding 


O Inspection of materials, sealing and package marking 


O Visual inspection of other items of the specifications 


1. External 
examination 


O Use of stereo microscopes, metallurgical microscopes, X-ray 


photographic equipment, fine leakage and gross leakage 


testers in the examination 


O Checking for open circuits, short circuits and parametric 


degradation by electrical parameter measurement 


O Observation of characteristics by a synchroscope or a curve 


2. Electrical tests Ps 
tracer and checking of important physical characteristics 


by electrical characteristics 


© Stress tests such as environmental or life tests, if required 


© Removal of the cover of the device, the optical inspection 


of the internal structure of the device 


3. Internal © Checking of the silicon chip surface 


examination 


O Measurement of electrical characteristics by probes, 


if applicable 


O Use of SEM, XMA and infrared microscanner if required 


O Use of metallurgical analysis techniques to supplement 
analysis of the internal examination 
© Slicing for cross-sectional inspection 


4. Chip analysis 


O Analysis of oxide film defects 


O Analysis of diffusion defects 
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Fig. 1 Quality assurance system 
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Fig. 3. Monitored 
Fig. 2 Large-scale test system temperature : ; Fig. 5 Operating life 
for LSIs_ cycling tester Fig. 4 Helium leakage tester tester 
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4. TYPICAL RESULTS OF RELIABILITY TESTS AND Fig. 7 DC biased test procedure (for M58751 1K-bit static 


FAILURE ANALYSES 
4.1 Results of Reliability Test 
Formerly, sufficient reliability for memory MOS LSls was 
obtained by using metal-sealed ceramic packages, but with 
the development of high reliability plastic molding tech- 
nology, production has been shifted to plastic molded 
memory MOS LSIls. 

The following tests were performed: 

1. Operating life test: Durability is tested at high tempera- 
ture under operating state conditions by applying clock 
pulse inputs as shown in Fig. 6. 

2. DC biased test: Durability is tested at high temperature 
biasing DC voltage, as shown in Fig. 7. 

3. High temperature storage: The durability of devices 
stored at high temperatures is tested. 

Typical results of memory MOS LSI life tests are shown 
in Table 3. The failure rate computed from this reliability 
data using an appropriate acceleration factor is 0.1 FIT or 
less (1 FIT=10~7%hour) per bit, about the same as, or less 
than, for core memories. 

Fig. 6 Operating life test procedure (for M58755 4K-bit 

dynamic RAM) 

PIN CONFIGURATION (TOP VIEW) 

Vss As A7 A6 Vop CE NC A5 Aa 


A3 R/W 


Eg 
Ves As Aio Ait CS IN OUT Ao 
CE=CHIP ENABLE 
CS=CHIPSELECT OUT=DATA OUTPUT 
R/W=READ/WRITE |= NC=NO CONNECTION 
OPERATING LIFE TEST CONDITIONS 


CO 


Ai A2 Voc 
IN=DATA INPUT 


4096 BIT 


fg ete 

| Note 3: Ad ~A141 are binary count timing 
1/BiT | . 
ae nanan ee 


VBB=—5V Vss=ViL=0V Vop=VIH(CE) =12V 
Voc = VIH (EXCEPT CE) =5V 


RAM) 
ae ae See 
LLP ELIE Ge py | 
A7 As Ag CS OUT IN Vcc GND 
M58751S 


Ae As R/W At Az A3 Aa Ao 


rareerareree 


Table 3 Typical results of memory MOS LSI life tests 


Functional 


e 
GND 
Operating life 


28-pin metal- 


failure 


16-pin plastic 
molded DIL 


Functional 
failure 
(at 240h) 


22-pin 
ceramic DIL 


4.2 Typical Results of Failure Analyses 


Accelerated testing under conditions more severe than 
normal operating conditions is used to observe failures of 
moisture resistance, of wire bonding, of surge voltage de- 
struction and of vapor-deposited aluminum interconnection. 
Typical results are shown below. 

4.2.1. Failure in Moisture Resistance 

An example of the results of steam pressure testing, per- 
formed to evaluate the moisture resistance of a plastic 
molded package, is shown in Fig. 8. The vapor-deposited 
aluminum interconnection was corroded due to moisture 
penetration. | 
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4.2.2. Failure of Wire Bonding 

An example of a failure during the monitored temperature 

cycling test for evaluating the reliability of the wire bond- 

ing of the inner leads of the IC is shown in Fig. 9. The cause 

of this failure may have been the opening of the inner lead 

bonding because of a difference in thermal expansion 

coefficients of metal and resin producing a stress on the 

inner lead. 

4.2.3. Failure Due to Surge Voltage 

Many integrated circuits fail in the field due to a surge 

voltage. Surge voltage marginal tests have been performed 

to reproduce this failure for analysis of the destruction. 
Examples of failures during this test are shown in 

Figs. 10 ~ 13. Figs. 10 and 11 indicate the existence of a 

bridge that was confirmed by an X-ray microanalyzer. Figs. 

12 and 13 indicate the existence of a hot spot that was 

confirmed by an infrared microscanner. 

4.2.4. Failure of Vapor-Deposited Interconnections 

Fig. 14 shows an open-circuit vapor-deposited aluminum 


Fig. 8 

Corrosion of vapor- 
deposited aluminum 
interconnection, 
analyzed by metallur- 
gical microscope 


Fig.9 Lift off of bonded gold inner 
lead, analyzed by metallurgical 
microscope 


Fig.12 Hot spot at bonding head, ana- 
lyzed by infrared microscanner 


Fig. 13 Junction in Fig. 12 after re- 
moval of aluminum, analyzed 
by metallurgical microscope 


interconnection, at a high current density region, caused by 
the operating life test. This test is performed as a step stress 
test to investigate IC degradation and failure by tempera- 
ture and voltage. This phenomenon is due to aluminum 
electromigration, which is observed when high-current loads 
are applied to a vapor-deposited aluminum interconnection. 

5. CONCLUSION 

Mitsubishi Electric’s Quality Assurance System is being 

expanded to provide stronger emphasis on the following 

points: | 

1. Establishment of quality and reliability levels that 
satisfy customers’ requirements. 

2. Expansion of the reliability tests of wafers and assembly 
processes for better evaluation, and standardization of 
circuit and design rules. 

3. Establishment of procedures for speeding up the intro- 
duction of new technology and improved methods that 
raise reliability and to improve the accelerated life tests 
for better failure analysis. 

4. Establishment of a system for collecting data on failures 
in the field, which will then be analyzed to develop 
improved methods for increasing reliability. 

We welcome and appreciate the cooperation of our 
customers in developing design specifications, establishing 
quality levels, controlling incoming inspections, developing 
assembly and adjusting processes and collecting field data. 
Mitsubishi is anxious to work with its customers to develop 
ICs of increased reliability that meet their requirements.. 


Fig. 10 Surge destruction, analyzed Fig.11 Enlargement of aluminum bridge 
by metallurgical microscope 


in Fig. 10, analyzed by XMA-AI ka 


Fig. 14 Electromigration of aluminum 
interconnection, analyzed by 
SEM | 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film 
due to the application of unexpectedly high voltage or 
thermal destruction due to excessive current from a 
forward biased P-N junction. The following recommenda- 
tions should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO EACH 
TERMINAL BELOW MAXIMUM RATINGS 


1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality: 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


2. KEEPING ALL TERMINALS AT THE SAME 
POTENTIAL DURING TRANSPORT AND 
STORAGE 


When MOS IC/LSlIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber-foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, WORK 
TABLES AND OPERATING PERSONNEL AT 
THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1M {2 resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 


. Current leakage from electric equipment must be 


prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 


. PRECAUTIONS FOR MOUNTING OF MOS 


IC/LSIs 


. The printed wiring lines to input and output terminals 


of MOS IC/LSIs should not be close to or parallel to 
high-voltage or high-power signal lines. Turning power 
on while the device is short-circuited, either by a solder 
bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which may result in the destruction of the 
device. 


. When input/output, or input and/or output, terminals 


of a MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LS! be inserted 
between the power supply and the ground. 


. A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not oe placed near 


input or output terminals of any MOS IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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Alternative Designation SO8OA 


8 -BIT PARALLEL CPU | 


PIN CONFIGURATION (TOP VIEW) 


The M58710S is an 8-bit parallel central processing unit 
(CPU) fabricated on a single chip using a high-speed N- 


channel silicon-gate MOS process, in a ceramic DIL package. (ov) ALO Le 

FEATURES 

@ Basic machine instructions: 78 

@ Execution time (at clock frequency 2MHz): 2us DATA BUS 5 ee 


@ Directly accessible memory capacity: 65536 bytes 
@ Number of input/output ports: 256 each 

@ Multi-level interruption 

@ Direct memory access (DMA) operation 

@ All outputs are fully TT L-compatible; lou = 1.9mMA 


(12V) 
@ Unlimited subroutine nesting 
; ee ADDRESS 
@ Interchangeable with the Intel’s 8080A in pin-to-pin con- I reecuyer acnow 
nections and machine instructions. LEDGE CONTROL | 


DATA BUS 
INPUT CONTROL 
WRITE CONTROL 


SYNCHRONIZE 


(5V) —+HLDA HOLD 
ACKNOWLEDGE 


Outline 40S1 


BLOCK DIAGRAM Oi Debs Di Di- Oy Oe De ‘OOOO. 
POLES eee 


INPUT/OUTPUT BUFFER (8) 


ACCUMULATOR (8) TEMPORARY INSTRUCTION 1} READ/WRITE CIRCUIT (8) READ/WRITE CIRCUIT (8 
REGISTER (8) 


REGISTER (8) ae ea 


CIRCUT 


) 
: a a 
: : 
ACCUMULATORILATCH(8) = = 
7 (8) 
7 STACK POINTER (16) 
PROGRAM COUNTER (16) 


READ/WRITE CIRCUIT (16) 


INSTRUCTION 
DECODER 
REGISTER SELECT 


ARITHMETIC UNIT 
CONTROL CIRCUIT 
MEMORY CONTROL 


8-BIT PARALLEL 
ARITHMETIC UNIT 


FLAG FLIP-FLOPS INCREMENTER/DECREMENTER (16) | 
(] if TIMING | 
INTERRUPT] [HOLD \_ GENERATOR ) ADDRESS LATCH (16) 


CONTROL CONTROL = 


CIRCUIT CIRCUIT ae Ss 

FP Om vee meveurvesssocveverers: 

INT INTE HOLD HLDA WAITWR SYNC RESET ¢2 #1 Ais Ava Ar3 Ar2 Art Aro Ao Ag Az Aco As Aa Az Az Ai Ao 
DBIN READY 
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: 8 -BIT PARALLEL CPU 


PIN DESCRIPTIONS 


; Input or Bente, 


Ao Provides the address signal to external memory-‘up to 65536 bytes or denotes the I/O device number for up to 256 input and 256 
j Address bus output devices. Address terminals are three-state, and remain in the floating state during the HLT instruction execute cycle. Tw or 
Aus in the hold state. 
Provides bidirectional transfer of instructions and data between CPU and the external memory or the !/O ports. Status signals are 
Do also transferred. When WR is low, data goes to memory or output ports. When DBIN is high, the data is received by the CPU. The 
( Data bus In/Out 
0 status signals are sent on the data bus, synchronizing with SYNC. Like the address bus; the data bus maintains the floating state 
7 
during the HLT instruction execute cycle (Tw) and in the hold state. 
SYNC tee caer Indicates the beginning of machine cycles M; through Ms. The status signals for each cycle are sent out on the data bus while 
ynchronizing signa 


SYNC is active, and are latched in the external registers during SYNC. 


Data bus input Indicates to the external circuits that the data bus is in the input mode, in which the CPU receives instructions or data from memory 


control signal or input ports. The CPU receives instructions or data on the data bus when DBIN is high. 


Indicates to the CPU that data from memory or input/output ports is valid on the data bus. When the READY signal is not high in 
Ready signal the Tz state, the CPU will enter a waiting state (Tw) and the WAIT signal goes high’ When READY is high, its state advances from 


T2 or Tw to T3. This READY signal is used to synchronize the CPU with slower memory or input/output ports. 


Wait state Indicates that the CPU has entered a waiting state. When the WAIT signal is high, the CPU is in a waiting state(Tyw ) and the 


signal output on the address bus and the data bus is kept stable. 


Indicates timing of a data write-in operation to memory or output ports. When WR is low, data on the data bus is valid; when 


WR Write control signal Out 
the WAIT signalis high, it is kept low. 
When READY is high, the CPU enters the hold state provided that: 

- the CPU is in the HLD instruction execute state (Tw 4 ), 

HOLD Hold request signal In - the CPU is in the Tz or Tw state and the READY signal is high. 
When the CPU is in the hold state, the data bus and the address bus will be in the floating state, and will be used with the memory | 
or input/output ports regardless of CPU operation. 

Hold acknowledge 
HLDA Out When high, indicates that the CPU is in the hold state and the address bus and the data bus will be in the floating state. 


signal 


When high, indicates that an interruption will be accepted by the CPU. It is set to high by instruction El and is reset to low by 
Interrupt enable 


Out instruction DI. It is automatically reset to low at state T, of machine cycle M; when an interrupt is accepted, and is also reset by 
the RESET signal. 


control signal 


Indicates to the CPU M58710S that an interrupt is being requested. When the INT is high, the interrupt request will be accepted 


Interrupt request 


INT nee by the CPU unless HLDA is high or INTE is low. If INT is accepted, INTE will go low and status information INTA will be transferred | 
signa ; 
to the data bus as an interrupt request signal. 
When high, the program counter is reset to ‘O’ and instruction NOP is set to the instruction register. INTE is reset to low, and the 
RESET | Reset signal CPU will not accept interrupts. While RESET ts high, the address bus and the data bus remain in the floating state; when RESET goes 


low, the program will start at location 0. The data registers, accumulator, stack pointer and flag flip-flops are not reset by this signal. 


No synchronization is necessary for the RESET signal, but the high level must be kept for a minimum of 3 clock cycles. 
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8-BIT PARALLEL CPU 


BASIC TIMING 


Execution of instructions proceeds in two stages: 1) fetch, 
and 2) analyze and execute. 

Fig. 1 shows the consecutive relationship between stages 
1 and 2, after which it is determined whether or not there 
has been an interrupt request. If there has not, the next 
instruction is fetched immediately; if there has, it is 
fetched after completing the necessary interrupt processing. 
One cycle of this loop completes the execution of one 
instruction. 


Fig. 1 Execution of basic instructions 


INSTRUCTION FETCH 


INSTRUCTION EXECUTE | 


INTERRUPT 
REQUEST ? 


INTERRUPT 
PROCESSING 


There are five machine cycles (M,, M2, M3, My and Ms) 
and the fetching, analysis, and execution of a single instruc- 
tion requires from 1 to 5 machine cycles. 

Each cycle consists of from three to five states (T;, T2, Ts, 
T, and T5;), the actual number depending upon the instruc- 
tion being executed. The duration of one state is defined by 
successive low-to-high transitions of the ¢, clock. (500ns at 
a clock frequency of 2MHz). 

There is also another state Ty, situated between T2 and 
T3 (see Fig. 2) and controlled by the external signals 
READY and HOLD, and instruction HLT. The duration of 
Tw is an integral multiple of the clock cycle. 

The first machine cycle (M,) in every instruction cycle 
is a fetch cycle, and the address for memory read is sent on 
the address bus. M, is composed of states T;~T, or T, ~Ts, 
as shown in Fig. 2. Machine cycles M2, M3, Mg and Ms are 


usually composed of three states (T; ~T3), with the excep- 
tion of the instruction XTHL, which requires five states: 
Ty ~Ts . 

When the clock period is 500ns and there is no Tw, My 
requires 2us or 2.5us, and the other machine cycles require 
1.5us to execute an instruction. When Ty exists, the 
execution time increases accordingly. Since the minimum 
instruction cycle requires four states (T;~T,) of machine 
cycle M,, the minimum instruction execution time is 2us. 


Fig. 2 Machine cycle states (hatched blocks indicate a 
state that may not be required) 


7 % 


INTERRUPT 


When an interruption is requested, the decision whether 
to accept it or not is taken after the instruction in progress 
is completed; that is, during the last state of the last 
machine cycle. 

When interrupt is requested and the CPU is in the inter- 
rupt-enable state (signal INTE is high), the CPU accepts the 
interrupt and begins a special interrupt machine cycle M, in 
which the program counter is not incremented and the CPU 
INTA (the interrup § ac- 
knowledge signal). During state T3; of special interrupt 
machine cycle M,, the external interrupt control circuit 
sends the interrupt instruction corresponding to inter- 
rupt factors on the data bus, and the CPU fetches and 
executes this instruction. This instruction is a special one- 
byte call (instruction RST) or a special three-byte call 
(instruction CALL) which facilitates the processing of 
interrupts. 


sends out status information 
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Fig. 3 Basic instruction cycle 


CLOCK #1 be 
CLOCK ¢2 ge 


SYNCHRONIZING SYNC 
SIGNAL 


ADDRESS BUS Ais~ Ao 
DATA BUS Dz~Do 
READY SIGNAL READY 
WAIT STATE WAIT 


SIGNAL 


DATA BUS INPUT 
CONTROL SIGNAL  OBIN 


WRITE CONTROL WR 
SIGNAL 


IS LATCHED IN THE 
EXTERNAL REGISTER 


Ais~Ao:ADDRESS OR TEST OF READY & 
1/0 DEVICE MUMBER} HOLD SIGNALS: 
Dz7~Do : OUTPUTS] TEST OF EXECUTION 


OPERATION 


@ Besides the states shown in Fig.3, there is a state T,,, in 
which the CPU stays in the hold state after the machine 
cycle. 


— @ States Tw, Tes and Ts; are optional. 


Table 1 Status information 


Status information designation 


Goes high when the CPU 
accepts the interrupt request 
signal from the {NT terminal. 


Gaes high when the current 
Wiite anode machine cycle is in a read 

mode, and falls when ina write 

(output) mode. 

Goes high when the address 

1 Stack bus holds the pushdown 
stack address from the stack 
pointer. 


Goes high when the CPU 
HLT instruction acknowledge | executes the HLT instruction 
and maintains the halt state. 


Goes high when the address 
bus: contains the address of 
an output device and the data 
bus contains the output data. 
(The address of an output 
device is contained simulta- 
neously: in the upper 8 bits 
and the lower 8 bits of the 
address bus. ) 


‘Goes high when the CPU is in 
Mi status the fetch cycle for the first 
byte of an instruction. 


oes high when the address 
bus contains the address of 
an input device and the data 
bus receives the input data. 
(The address of an output. 
device is contained simulta- 
neously in the upper 8 bits 


and the lower 8 bits of the 
address bus}. 


Goes high when the data bus 
Memory read . 
is used for memory read data. 


Interrupt acknowledge 


Output instruction 
acknowledge 


Input instruction acknowledge 


OPTIONAL, STATE 
HALT ( TwH) 

OR MEMORY ACCESS 
STATUS INFORMATION] OF INSTRUCTION HLTITIME ADJUST 


FLOATING 
READ MODE 
DATA BUS 


FETCH DATA OR 
INSTRUCTION, OR 
WRITE DATA 


OPTIONAL, INSTRUCTION EXECUTION 
IF REQUIRED 


@ Hatched portions indicate periods during which input 
data should be kept stable. 

@ The address data is valid during the period designated by 
solid lines. 

@The period of Tw depends on the condition of the 
READY signal. 


STATUS INFORMATION 

The M58710S sends out 8 bits of status information on 
data bus (D,~Dg) at the first state of each machine cycle 
(Mj°T,) synchronizing with signal SYNC that indicates the 
function of each machine cycle. The status signal will be 
latched in the external register by signal SYNC°¢,. Table 1 
gives the functions of the status information that will be 
sent out on the data bus. 


Table 2 Status 


"ema T? [> [+ Te fel 
information @ 3 5 ] 


Status signal name 
Halt acknowledge 


Interrupt acknowl 


Interrupt acknowl 
while hait 


Instruction fetch 


=ele|elele|= |e] wrens 
=lel=[=l@[-/[-[ sm 


P] ewes 


}e}-]e| Input read 


e[elel=l=l=[=[=[ mr 
ele[elele(=[el=| se 


lel |=le[=[=[=[_ mem 
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CPU STATE TRANSITION DIAGRAM 


STATE CPU STATE TRANSITION DIAGRAM STATE 
~ 
Ti . 


: YES 
INT F/F=0 f[ 
T2 CTA 
YES 
YES 
HOLD F/F =4 


< EXECUTION > < 


fan om oe oe 


COMPLETED 

‘NO be 
oe 
~~ 

NO YES 
HOLD F/F =1 “SN 
Ts . 
INSTRUCTIONYE SA 


<_ EXECUTION +s. 
Sam PLETED 


NO ET a ne 


HOLD F/F =0 


13 | 
| 
; S| 1 
. : | 
YES 
YES ! 
Tw 
l 
| 4 
| 
| HOLD F/F=1 | | HOLD F/F=1 | | 
I 
| 
ee oe ee ee coe eee fs ee ee ee ee ee ee ee ee eee eee owe oe SS Se Se ee ee ee eal 
= 
os YES 
< CYCLE 
cela | 
T3 | 
| 
NSTRUCTION es 
< EXECUTION | 
eee ese Ree eee COMPLETED | | 
S | = 
he j 
MACHINENCYES 
< CYCLE 
| Ta COMPLETED | 
YES | 
Cinsteuction YES | INT F/F=1 | 
-{ 
| 
| 
| 
| 
l 
| 
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INSTRUCTION CODE LIST 


BH 
po] 3. 


< 
) 
< 
0 
a on 
wo 
~[e 


Te 
a? 17 
o< 
ze 
- Oo 
o< 
> > > 
iw) QO oO wo O 
'w) o) oO 


MOV 


XI 


0000 


E F 
ANA | ORA 
RNZ | RNC 
B B 
SUB | ANA | ORA }| POP | POP |} POP | POP 
C C B D H PSW 


Tune | spo] JP 


a 
w 


O 
LX MOV 


woe 
3 
Ov-< 


ss) oO Oo oO s< !/ © 
: : : ae oe 
- ae m Oo <= 1 6 

r< 

Pe 

Oo< 

<= 

“~ Oo 

< 


MOV 


INX INX INX INX | MOV 
B D H a a ; 
INR INR INR INR | MOV 
B D H M ; 


MOV | MOV 


MOV |MOV | ADD | SUB | ANA 
M,E E 


» 
0 


MOV 
0011 


MOV | MOV | MOV SUB | ANA 


E 
MOV | ADD | SUB | ANA 
: L kL. Le 


0100 


MOV | MOV | MOV 


H,-L 


0101 


ive by by 
r ac m 


SUB | ANA 


< 
oe) 
< 


MOV 
D,M 


MOV 


H,M 
MOV 


MOV | Mov | ADD | suB | ANA | oRA | RST | RST | RST | RST 
DAIHAIMAI a 0 2 4 6 
mov | mov | mov | Mov | ADC | SBB | XRA 
(NOP)|(NOP)I(NOP) (NOP) RZ RC RPE RM 
) Cp hee | Bee 
DAD | DAD | DAD | DAD | Mov | Mov | Mov | mov | apc | sBB | xRA | CMP 
RET |(RET)| PCHL| SPHL 
B D H sp |c.cile,clt.c C 
LDAX|LDAX MOV XRA | ee eae 
LHLD| LDA ¥ 
B D 
pcx | pcx | pcx | pcx | Mov 
D H sp 
INR | INR | Mov 
= L A 
DCR {| DCR DCR DCR | MOV 
E L ae cous 
CMP 
A,M 


MOV | MOV | MOV | MOV | ADC | SBB | XRA | CMP | RST | RST | RST | RST 
RRC | RAR | CMA}! CMC ; 
A 3 5 7 


indicates a three-byte instruction. 


led 


2 
< 


- - a 
a m 0 


MOV 


0144 RLC | RAL | DAA 


‘?) 
o< > 
U 


fo) 
fe) 


Oo 
< 
5 


MOV ADC | SBB 


L, D 


ADC | SBB | XRA 


[mB fe 
ro) ro) n 
2] 0 bee oo) So) am we) O w > 
wo w es) 


CMP 


m < m <= m 

ro) Cie) . 

i ae me< we) 
< —< = < 
re) can ©: a >) e) 
< Hee cee me< < 
< 
ro) 
< 


m< 
ae = 
Tr < 
T 
e 
Dp p< > <£ | pb 
: S ee Ns 
- a ae Ly ee i (| 
rc 
ro) 
a a m<z{|o 
Bo) 


MOV | ADC CMP 


2 
fo §lo8 
2 
ee) 
fo) fo) fo) w 
a m Ss) > 


MOV 


2 8hr 


x< x< x< 
zDl}re zB, rzpi{om 0 O w > 


pa fm feleofe, 
e) oo 
7 oe 
> << 
m mi< 
: ae ©. 
> << 
ia i 
; ee 
> Gana 
> 
> 
> 
> zo 
ro) 
Ey 
> 


This list shows the machine codes and corresponding 
machine instructions. D3~Do indicate the lower 4 bits of 


indicates a two-byte instruction. 


the machine code and D,~D, indicate the upper 4 bits.  ( ) is not a formal instruction, but if this code 
Hexadecimal numbers are also used to indicate this code. is accessed, the instruction in parentheses 
The instruction may consist of one, two, or three bytes, may be executed. This is not, however, 
but only the first byte is listed. guaranteed. 
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MACHINE INSTRUCTIONS g g 3 
| [instruction code “27 27 5 
Mnemonic Sliele 

Ziz\|z2 

5] 141 

71a] 2 

711} 2 

7/2] 2 


Functions 


(r+) — (ra) 
(M) —(r) Where, 
(r) —(M) Where, 


(r) <n 
(M) <n Where, 


(C) < <Ba> 
(B) — <Ba> 


(E) —<Ba> 
(D) «-<Ba> Where, 


(L) < <Ba> 
(H) « <B> Where, 


(SP)<—m 


(SP) —(H) (L) 


Data transfer 


( (B).(C) ) (A) 
((D) (E) ) (A) 
(A) = ((B) (C)) 
(A) = ((D) (E)) 
(m) = (A) 


(A) = (m) 


Address bus 


X 
X 
x 
X 


H) (L) 
H) (L) 


-< 

tl 

i a a 
x xk & Xx 
xx & x 
xx x Xx 


x 
x 
x< 
x 


M=(H)(L) | X 


m =<B3> <Ba> 


m = <B3> <Ba2> 


m = <B3> <B2> 


Me Mali 2 Pe oe Pome tel 
Xx X xX X X]{ (D)(E) Ma (A) 
-X X X X X | (B) (CC) Ma |((B)(C)) 
Stealers 

x xX Xx 


(m) — (L) 
(m+ 1) —(H) 


(L) — (m) 
(H) — (m+ 1) 


H) (L) <(D) (E) 


(H) (L) + ((SP)+1)(C(SP)) 
' 10 OO s $s A A)+(r 
ADD M™M 10 00 110 (A) — (A) +(M) Where, M=(H) (L) M4 
ADI on 11 OO 110 (A) —(A)+n Ma 
<B2> 
ADC r 10 001 SSS (A) — (A) +(r) +(CY2) 
ADC M 10 001 110 (A) —(A)+(M)+(CY2) Where, M=(H)(L) 
ACI n 11 001 #1410 (A) —(A)+ n +(CY2) 
<B2> 
DAD B 00 001 001 1/09/10]. (H) (L) —(H) (L) +(B) (C) 
DAD D 00 0114 001 {1 9/10 (H) (tL) —(H) (L) +(D) (E) 
DAD H 00 101 001 |2 9/10 (H) (LL) + (H) (L) + (H) (L) 
® DAD sP 00 11141 001/139 H) (LL) — (H) (L) + (SP) 
= SUB r 10 010 S8S85 (A) —(A) -(r) 
Q |SUB M™ 10 010 1410 (A) —(A)--(M) Where, M=(H)(L) Ma 
E sul n 11 010 110 (A) —(A)-— n » Ma 
3) <B2> 
3 SBB fr 10 011 SSS (A) —(A)~(r) — (CY2) 
2 SBB M 10 011 110 (A) —(A)~(M)—(CYz) Where, M=(H)(L) Ma 
8 |ser in 11 011 110 (A) —(A)- n —(CY2) Ma 
3 <B2> 
$ ANA r 10 100 S8S585S (A) (A) ACr) 
& |ANA M 10 100 110 (A) —(A) A(M) Where, M =(H) (L) 
£& |ANI- on 11° 100 110 (A) «(AJA n 
a <B2> 
XRA or 10 101 SSS (A) (A) ¥(r) 
XRA M 10 101.110 (A) —(A)¥(M) Where, M =(H) (L) 
XRI n 11 °£101 #110 (A) (A) n 
<B2> 
ORA v 10 #110 SSS (A) (A) \ (r) 
ORA M 10 110 #13410 (A) —(A) \ (M) Where, M=(H) (L) 
OR! n 171 141107410 (A)—(A)\ 9 
<B2> 
CMP rf 1 s (A) — (r) 
CMP M 1 o (A) — (M) Compare; Where, M=(H) (L) 
1 oO (A) - on 
B 
00 DDD 100 (r)— Cr) +1 
2 00 110 100({134 1 (M) + (M) +1 M _=(H) (L) 
3) 0 DDD 101 (r)—(r)-1 Sd 
€ 0.110 101/35 (M)*=(M)~1 Where, mM =(H) (L) 
5 0 000 011/03 (B) (C) —(B)(C) +1 
- 0 010 011/183 (D) (E) «-(D) (E) +1 
> 0 100 011123 (H) (L) (HH) (L) +1 
. § oO 110 011/33 (SP) (SP) +1 
Ze 0 001 011/08 (B) (C) « (B) (C)-1 
2 © 0 01141 011/18 (D) (E) —(D) (E) -1 
&e o 101 011/28 (H) (L) +-(H) (L) —1 
= o 1711 011/38 (SP) «-(SP)—1 
0 000 111/107 
S59 111 
wo25 
- CO 
ess 


Accumu.| CMA oo 7101 111 /2F/4;/1/1] 
TC eee eee 
iste = = =[00 41140 1114 /37/4]/1[1 


Cary setlemc | oo 4141 111 13F[411]1] (ys) —(0¥s 
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8 3 8 
9 os. 
Instruction code fea eed Address bus 
- a Nes Functions ‘ t Mach. ue Mach. 
2| 3\3 SZ P Cy2C¥1|\Contents! oycie * | Contents |!/0) cycles 
10! 3 | 3 (PC)—m x xX X X X <B> 
PCHL 11° 101 001/E9 WA (PC)+-(H) (L) eee x xX X X X 
JC m 11 O1487 O10 |DA! 10; 3} 3 | (CY2)=1 Xx X X X X 
<B2> 
<B3> 
JNC m 11 010 010 |D2/] 10! 3] 3 | (CYz)=0 | If condition is true Xx xX X X X If condition is true. 
<B2> (PC)+<—m 
<Bs> 
JZ m 11 001 010/CA/10!3/;3]4( 2 )=1 xX xX X X X <B2? 
: <B2> <B3? 
<B3> 
= JNZ om 11 000 010 |€2)]10)/3/13)(2Z)=0 xX X X X X 
p>} <B2> 
me <Bs> ae 
JP m 14 110 010 |F 2/10) 3|3/( Ss )=0 | If condition is false x x x x x |f If condition is false. 
<B2> (PC)—(PC) + 3 
<Bs> 
JM m 11 #1411 #O 10 |/FA/10}/3/3/(S )=1 Xx xX X X X 
<B2> 
<B> 
JPE m 11 #141047 0810 /EAj}]10/3/3/(P )=1 xX X X X X 
<B2> 
<B3> 
JPO m 11 100 010 |€2/10}/3;}3](P)-0 Xx xX X X X 
<B2> 
<B3> 
((SP)-—1) (CSP) —2)<—(PC) +3, (PC)—m 
(SP): += (SP) 32 
q 


1 | 3 | ((SP)—1) ( (SP) --2)—(PC) +1, (PC)—nx8, Xx X X X X 
(SP) <— (SP)-2 Where 0Sns7 
‘4 


3 15/3) (CY2) © X X X X X 


3 15/3] (CY2) = 0 7 Xx X X X X 
If condition ts true. 


WH] 3 15/3] ( Z )=1 | ((SP)—1) ((SP)—2)— (PC) + 3 xX xX X X X 


(PC)—m 
711} 3 15/31 ( Z )=0 xX KX X XK X 
(SP)-(SP)—2 


Subroutine call 


m 110 100/F4(II7l! 3 15/3]}( S)=0 Xx X X X X 


100 /FC/H71l] 3 15/3/( Ss )=1 | If condition is false Xx X X X X 


(PC)<+-(PC) + 3 


(P)=1 


( P )=0 


(PC) —( (SP) +1) ( (SP) ), (SP)—(SP) +2 


Ma | ((SP)) 
(SP)+1 Ms |((SP) +1) 


if condition is true If condition is true. 
(PC)—( (SP) +1) ((SP)) (SP) Ma ((SP))] 1 Ma 
(SP)+-(SP) +2 (SP)+1 Ms |((SP)+1)] | Ms 


If condition is false 
(PC)<«-(PC) +1 


If condition is false. 


IK KK OK OK OK KOK 
PX WK OK KOK OK OK OK 
KEK KOK OK OK OK OK OK 
KX KK OK OK OK OK OK 
PK OK OK OK OK OK OK OK 


‘Input/ Input buffer) < (Input device of number n) 
output Input data 
pare ouT fA (Output device of number n) <— (A) is ) | ae ee ae a 
a. 
ontrol 
io ae ha (SP)—1) = (A), ((SP)— 2) — (F 


(SP) «(SP)-2 
1 | 3 | ((SP)—1) «- (B), ((SP)-—2) —(C) 
(SP) « (SP)-2 

D5/ 11} 1) 3 }((SP)—1)—(D). ( (SP) ~—2) —(E) 
(SP) <—(SP)-2 

E5j|11; 71/3 | ((SP)-1)—(H). ( (SP) ~2) + (L) 
i | | (sp) -(SP)-—2 

F1/10/ 1/3 /(F) <—((SP)),(A)—((SP)+1) 
(SP) —(SP)+2 

(C) <—((SP)),(B)—((SP) +1) 
(SP) «—(SP)+2 

(E) <—((SP)),(D)<—( (SP): 1) 
(SP) <(SP)+2 

~( (SP) ), (H) +—( (SP) +1) 


1 
oO 
°o 
be) 


PUSH 


010 


100 


o0000000] joo 


(SP) ) 
((SP) +1) 
( (SP) ) 
( (SP) +1) 
( (SP) ) 
( (SP) +1) 
( (SP) ) 


(SP)+1 
(SP) 
(SP)+1 Ms 
(SP) 
(SP)+1 


Stack control 


HLT Py] (PC) —(PC)+1 
Others 4/111 1(PC) —(PC)+1 


*: State is T1. **: State is Te- 


Bit pattern desig- [Register 


One-byte data nating register or 
memory Inclusive OR 
or memory. Rexel OF = : 
<B2> Second byte of instruction SSS y Exclusive OF 


Third byte of instruction ee 


Logical AND 


B 0 
7 Cc 1 
p00 : 9 | [= Tis complement 
8-bit data from the most to the least significant H 0 
bit S, 2,0, 0%1,0,,1,C¥2 L | | [-~O7 [Content of flag is set or reset after execution 
Where, x . | [2 Tinputmede SS 
M=(H) (L) ro 


Output mode 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


a 
: 

[Pa | Meira power despoion——SSCSC~“‘*~“~*~*‘dCSwSSCSC~“‘“*S*S*~*~CS*~“C~*~*«s OSS 
OO 
a GE 


With respect to V BB (substrate) 


= 
[Sepp volege ——SSC*d 
a 
itt 
3 
=i 
Po 


Cc 


< 

ae) 
< 
® 
x 


. Limits 
Parameter Test conditions 
Min T 
my 


Ere aN TE eT 
Note 2) 


ime | Input current, except clock and data bus osViISVcC po 


~ 
wn 
3 

> 


~ 
oS 
Rg 3 
> b> 


iS 
b> 


OSVi(DB) SVIL 
11(DB Input current, data bus (Note 3 
11(HOLD) Input current during hold, address or data bus At hold state 0.45V SVoSVcc 


Ci (41) Input capacitance, clock input ( 4) V(¢1)=0V a 20 


b 


Sie 
b> 


Ci (¢2) Input capacitance, clock input ( dg V(¢2)=0V 
: #2) f =1MHz, 25mVr.m.s 
input capacitance, any input except clock 
Output capacitance 


Note 1: Current flowing into an IC is positive; out is negative. 
2: to(d)=td( rH: d2)+ tr (d2)+ tw (dz) + tf (d2)+ td (dad) + tr (ds) 


3: Active pull-up resistors will be switched on to the data bus when DBIN is high and data input voltage is more positive than VjH min. 


nN 
° 
se) 
7 


Vi=O0V 
Vo=0V 


| 
oe artes om) oO 
oO 
xe) TC 
7 7 


nN 
° 
se) 

7 


MITSUBISHI 
4—10 ELECTRIC 


te 


MITSUBISHI LSis 


MS8710S 


Alternative Designation 8SOS8OA 


8 -BIT PARALLEL CPU 


TIMING REQUIREMENTS (Ta= 0 ~70°c, Vop=12V+5%, Vcc=5V+5%, VaB=—5V+5%, Vss—OV. unless otherwise noted) 


Typ 
tco(¢) Clock cycle time (Note 4) 


[iw | Coarse SSSC~irCiS 
tics) | Clock fate 
ftacennad | Oseyine, cock tec? 
Delay time, clock 1 high to clock 2 | 80 
Data setup time with respect to clock 1 
Data setup time with respect to clock 2 
Hold setup time | 440 | 
fm crouo) | Woldmputreime 
Ftmenr) | tmenperodine ——SSSCSCSC~dSC~i 
Ready hold time i or 


Note 4: to(d)= td (diL- d2) + tr (42) + tw 2) + tr (2) + Td ( p2- gs) + tr (H1) 


=) 
oO 


SWITCHING CHARACTERISTICS (ta= 0 ~ 70°C, Vpp= 12V + 5%, Voo=5V +5%,Vep= — 5V + 10%,Vss = OV, unless otherwise noted) 


TPD(INT) 
tep(D!) Time for data bus to enter input mode 


Disable time to high-impedance state during hold address output and data bus 


RL=2.41kQ, CL=100pF 
Rr=2.4kQ, CL=100pF td (atH- 2) 


RL=2.41kQ, CL=100pF 


Delay time, write signal to address output 


Note 5 : Load circuit : 


M58740S 
OUTPUT 


a 


6: td(AD-WR)= 2te(4)— td (giH- ¢2)— tr(¢) —140ns 
7: td(DA-WR)=te (4) — te( giH-42)— tr(¢)—170 NS 


Voc 
RL 
CL 
t 
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Alternative Designation SOSOA 


8 -BIT PARALLEL CPU 


TIMING DIAGRAM 


tw(o4) Pr twist) | td (d11-2) 
s = 
a. { | a 
2 
ae RH Oe | se Pee 


Ais Ap tei otHe92) | Se aaa (| aS a | EE ee 
TPOCAD) =e sy GEtamo-wa— fet eit 
Behe eee ERO) (nD iS ee ae eee 
a ! gc] | [pies 
Suan SU(DA— ¢2)! td(DA—WR) td(WR—DA) texz 
tPD( CONT) 
PEON) ea Cow oe 
DBIN 


Tt PD( DBA 
pesll- pH ——Ht+{ || aes 


YAS tPp(DB4 ) 
WR 
READY a 


Onl GRD. con 
| t su(RDY)k—4] |thcrRby) #4 
WAIT t su(RDY) = 
S a 


HOLD tPD(CoNT) ©) || TPD(CONT) 
he | conc __| 
INTE Tsu(iNT): thciNnT) 


Note 1: This timing diagram shows timing relationships only, it does not represent any specific machine cycle. 


2: Time measurements are made at the following reference voltages: Clock voltage H =8.0V, L =1.0V: input voltage. H =3.3V, L=0.8V; output voltage. H =2.0V, L=0.8V 

3: Data on the data bus must be stable for this period in the input mode. Requirements tsu(DA— 41), tsu(DA—¢2), th( DA) must be satisfied. 

4: The ready signal must be stable for this period during state To or Tw. External synchronization is required. 

5: The hold signal must be ‘stable for this‘ period during state Tz or Tw when entering the hold mode and during statesT3, Tq. Ts. Ty yy and Ty when in the hold 
mode. External synchronization is not required. 

6: The interrupt signal INT must be stable for the period immediately before the last state of any instruction in order to be recognized on the following machine cycle My. 


External synchronization is not required. 
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Alternative Designation 8SOSOA 


8 -BIT PARALLEL CPU 


APPLICATIONS 

A Basic System Using the M58710S 

The configuration of a system using the M58710S will 
depend on the functions of the system. A typical basic 


system is shown in Fig. 1, and a summary of its operation is 
as follows: 


Fig. 1 An example of a basic system using the M58710S 


CONTROL CIRCUIT 


BIDIRECTIONAL DATA BUS (8-BIT) 


MULTIPLEXER 


DATA 
INPUT =OUTPUT 


“o~ 
Ww 
jo) 
= 
~~ 
ioe) 
wo 
2 
ww 


OUTPUT 
DEVICE 


(256 PORTS) 


INPUT DEVICE 
(256 PORTS) 


2 
a 
oO 
oo 
” 
a 
a 
uw 
2 


ADDRESS BUS (16-BIT) 


CLOCK GENERATOR 


. After the CPU receives the two phase clocks ¢, and ¢, 
from the clock generator and the external reset signal, 
the address bus provides the address to memory location 
zero. 

. At the same time the CPU sends out status signals, which 
are latched temporarily in the status latch (flip-flops in 
which status information is latched). The status signals 
alert external circuits as to the state of the machine 
cycle that the CPU is ready to execute. When the 
CPU calls for data or instructions tod be read from 
memory, status’ signal MEMR is applied to the multi- 
plexer, and the 8-bit data from memory is read into the 
CPU through the bidirectional data bus across the 
multiplexer. 

. The 8-bit data. coming from memory is decoded as an 
instruction. If it is a register-reference-arithmetic instruc- 
tion, it is executed in the CPU; if it is'a move-to-memory 
instruction, the CPU outputs the memory location to 
the address bus and data to be written on the data bus 


te A INTA 


MULTIPLEXER 


WRITE 
DATA 


WRITE DATA 
STATUS LATCH (8-BiT) 


INTERRUPT 
INSTRUCTION 


MEMORY GENERATOR 


(65536 
BYTES) 


in the next machine cycle (Note 1). The memory write 
in operation is executed by write control signal WR. 


. During input and output operation, the CPU outputs the 


[/O device number to the address bus, outputs a status 
signal (INP in the input mode; OUT in the output mode) 
and executes the read/write operation to the I/O devices 
using the bidirectional data bus. 


. If there is a signal from terminal INT to the CPU, the 


CPU is in the interrupt enable state, and it sends out 
status information INTA (Note 2), and an interrupt 
instruction is sent to the CPU from the interrupt instruc- 
tion generator across the multiplexer. By executing this 
interrupt instruction, the CPU can jump to the interrupt 
processing subroutine. 


Note 1: Each instruction may have five machine cycles. For register-to-register 


transfer or arithmetic instruction, instruction fetching and execution are 
carried out by machine cycle M, but memory access instructions, or 2-byte 
or 3-byte instructions require more than one machine cycle. 

2: The interrupt acknowledge signal goes high when the CPU accepts an 
interrupt request (INT) signal. 
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Alternative Designation 8O080A 


8 -BIT PARALLEL CPU 


Push-Down Stack Operation 


The M58710S has a last-in first-out stack. This stack has a 
pointer that maintains the address of the next available 
stack location in memory and can be initialized to use any 
position of memory. Since the stack pointer has a 16-bit 
register, it can locate any stack location up to 65536 bytes 
according to memory capacity. An example of the inter- 
rupt request is shown in Fig. 2 and the operation of the 
stack pointer in Fig. 3. 

plained as follows: 


Fig. 2 Processing an interrupt request 


MAIN PROGRAM 


PUSH PSW 
PUSH B 
PUSH D 


INTERRUPT a— 2 | MOV H,B eS 
REQUEST 3— r MOV A,M 


fe 
Cha 


a ADD B 


Fig.3 Operation of the push-down stack 


(3) PUSH PSW 


a+ 4 LOWER 
at 4 UPPER 


a+ { UPPER 


Fig. 2 is explained as follows: 

1. An external interrupt request occurs when the CPU - 
executes the instruction stored at location a in the main 
program. 

2. Instruction RST is fetched, the content of the program 
counter is incremented and pushed onto the push-down 
stack. Then the CPU jumps to the first location b of the 
interrupt operation program. 

3. The contents of the register are pushed onto the stack. 
F (in Fig. 3) indicates 8-bit data of flag flip-flops includ- 
ing CY,, CY,, Z, P and S. These are, from the most to 
the least significant bit, S, Z,0, CY,, 0, P, 1, CY2. 

4. Instruction El is executed, enabling the CPU to accept 
the next interrupt request. 

5. The interrupt operation is carried out. 

6. The CPU enters the interrupt disable state. 

7. The contents of registers are popped off the stack. 

8. Instruction El is executed, enabling the CPU to accept 
the interrupt request after return to the main program. 

9. The content of the program counter is returned to 
location a+1 of the main program. 


The operation of the push-down stack shown in Fig. 2 is 
described in Fig. 3, where SP indicates the content of the 
stack pointer before the interrupt is requested. Instruction 
LX1 SP should be used to initialize the stack pointer. 
the stack pointer. 

The content of the stack pointer is SP-4 at (3), but at 
(9), after the execution of instruction RET, it returns to 
the initial state, and the content of the stack point is SP. 


(7) POP PSW 


a+ 4 LOWER 


a+ 1 UPPER 


[> ! Memory location selected by the stack pointer 


Memory location selected by the stack pointer before the execution of instruction 
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MS8531P 


DESCRIPTION 

The M58531P is a 256-word by 1-bit P-channel silicon-gate 
MOS static RAM, designed for applications where ease of 
use is the important design object. Both inputs and outputs 
are fully compatible with TTL. 


FEATURES 


@ Fast access time: 850ns (typ) 1,500ns (max) 
0.7mW/bit (typ) 


@ Low operating power: 1.4mW/bit (typ) 


@ Low standby power: 


@ All inputs/outputs are fully compatible with TTL 

@ Three-state output and OR-tie capability 

@ Easy memory expansion by chip select signal 

@ Interchangeable with Intel’s 1101A in pin configura- 
tion and electrical characteristics 


APPLICATION 
@ Small-capacity memory systems 


FUNCTION 
Static design eliminates external clocks and refresh circuitry. 
All inputs and outputs are fully compatible with TTL. 

In the write mode, address signals Ag~A-7 are used to 
select storage locations, and when signal R/W remains high 
the data of signal Dy), are writeen. 

In the read mode, address signals Ag~A7 are used to 
select storage locations, and when signal R/W remains low 
the data of the selected location is read out to the Dout 
terminals. 

When signal CS is high, the chip is deselected, disabling 
both read and write operations and enabling the OR-tie 
with other output terminals since the outputs are in the 
floating (high-impedance) state. 


BLOCK 
DIAGRAM | 


ie a 
At 


i a 
A3 (11) 


X INPUT BUFFER 
X ADDRESS DECODER 


ADDRESS 
INPUTS 


Y INPUT BUFFER 
Y ADDRESS DECODER 


256-BIT (256- WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


PIN CONFIGURATION (TOP VIEW) 


CHIP SELECT INPUT 
ADDRESS INPUTS READ/WRITE INPUT 
DATA OUTPUT 
(=9V) 


(5V) Voc 


DATA OUTPUT 
DATA INPUT 


Aa 
ADDRESS INPUTS 
Ao [7] ADDRESS INPUTS 


(—9V) Vop 


Outline 16P1 


The M58531P has two power supply terminals, Voo for 
the memory cell part in which the data is stored, and 
Vo for the read/write control circuit. Power dissipation is 
low since, during standby, current is supplied only to the 
memory cell part for data storage, and read/write operation 
is not performed. 


256-WORD x 1-BIT 
RAM 
(16 ROWS x 
16 COLUMNS) 


| D 
—e nee (13) Dout DATA OUTPUT 
CIRCUIT BUFFER ines 
O—-(14) B55; DATA OUTPUT 
INPUT CHIP bb (16) GS CHIP SELECT 
BUFFER SELECT INPUT 


i. 


DATA INPUT Dyy R/W  READ/WRITE INPUT 
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256-BIT (256- WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
V1 
O 


With respect to Vog 


Tse vtage 
OO 
[Pa | Power daspeton 


Parameter 


| Min 
Supply voltage | —9.45 | 


| Supply voltage 
[vo | Supeivwotge —SSCS=~“*‘“*S*~*~*rC Ca | 
Low-level input voltage. |Vcc-15] | Veo -4.5 | V 
High-level input voltage LVco-2 | sf Vect0.3] 


ELECTRICAL CHARACTERISTICS (1a=-—10~75°c,. Vcc=5V+5%, Voo=—9V+5%, VD=—9V+5%. unless seats noted) 


: a a 
Symbol Parameter Tési conditions 
Ea | toseintone Min 


V High-level output voltage IOH=— 100A 
V 


OH igh- 
Low-level output voltage loLr=2mA 


Ton ipateurent ———SSCSCSCS~*dC Ve = i 


hee 

Eo 

RecA 

2 

Tio | Suen euenttomva———SSSSCSSSC~*diCN mA ameO | 
-— 


Vo=Voo f=Iwiz, Ta=25 


Note 1: Current flowing into an IC is positive; out is negative. 


SWITCHING CHARACTERISTICS (ta=—10~75°c, Vcc=5V+5%, Vop=—9V+5%, Vo=—9V+5%, unless otherwise noted) 
Read Cycle 


f 
Symbol Parameter Test conditions 


Read cycle time 
Chip select setup time (Note 3) 


Note 2 : Maximum value of t sy (GS) measured at minimum read cycle (1.5428 ) 
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256-BIT (256-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


Write Cycle 


Symbol Parameter Test conditions 


Write setup time 
Write pulse. width 
Data setup time 
Data hold time 


Chip Select and Deselect 


Symbol Parameter Test conditions 
tw(Gs) Chip select pulsé width 


Chip select access time (Note 3) eh ee | 0.3 
tdv(CS) Data valid time with respect to chip select ha : 


Note 3 : Input voltage waveform has an amplitude of O~5V and tr=tf=10ns Output load is one TTL gate and a 20pF capacitance. Unless otherwise noted, the reference 


points are the 1.5V level of the output of a TTL gate(tPppS10ns) 


TIMING DIAGRAMS 
Write Cycle 


Read Cycle Gis eae: 
_ oe -————. 
VIL ae 
VIH 
V -—\ 
TT __ 
ms VIL 
= 100ns 
7 __, 
=2100ns ! 
R/W t 
VIH . W(WR) 
\ VIL 
oi tsu (DA) Tor 
oa vi a 
Din 
ta(AD) 
VOH VIL 
Dout 
VOL Vp Power Supply Switching 
Chip Select and Deselect VIH 
VIH eee 
PO VIL 
VIL 
2Ons 
tw (6S) 
Vcc : 
VIH 10% 
cs VD AND CS 
VIL 
tfs100ns 
mo vr ta (AD) 
D 
Dout OUT 
VoL VOL 
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256-BIT (256-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS 


ADDRESS ACCESS TIME VS. 
SUPPLY VOLTAGE 


SUPPLY VOLTAGE Voc—Vop (V) ADDRESS ACCESS TIME ta(AD) (us) 


DATA OUTPUT VOLTAGE Vcc —V0(DA) (V) 
[fo 


SUPPLY VOLTAGE Vpp(V) 


SUPPLY VOLTAGE OPERATING 
RANGE 


Sees 
eee ee eee 
é fe 


7 8 9 10 41 12 13 14 15 46 17 
SUPPLY VOLTAGE Voc—Vopb (V ) 


DATA TERMINAL INPUT/OUTPUT 
TRANSITION CHARACTERISTICS 


DATA INPUT VOLTAGE VcCc—Vi(DA) (V) 


ADDRESS ACCESS TIME ta(AD) (us) 


POWER DISSIPATION Pg (mA) 
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OUTPUT CURRENT lo (mA) 


250 


ADDRESS ACCESS TIME VS. 
LOAD CAPACITANCE 


100 200 300 400 
LOAD CAPACITANCE CL (pF ) 


OUTPUT CURRENT VS. 
OUTPUT VOLTAGE 


OUTPUT VOLTAGE Vo (V) 


POWER DISSIPATION VS. 
SUPPLY VOLTAGE 


Vcc= 
POWER DISSIPATION OF MEMORY CELL 
PART lop (Vop-+ Vcc) 


SUPPLY VOLTAGE Vp, VoD(V) 


MITSUBISHI LSIs 


MS8S33P 


1024-BIT (1024-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


DESCRIPTION 

The M58533P is a 1024-word by 1-bit P-channel silicon-gate 
MOS RAM, designed for applications where utilization of 
the high-speed low-power characteristics peculiar to dynamic 
circuitry is the important design object. 


FEATURES 

@ Fast access time: 300ns (max) (Ta = 0~70°C) 
580ns (min) (Ta = 0~70°C) 
2ms (max) (Ta = 0~70°C) 
5OuW/bit (typ) 


@ Low operating power: 0.25mW/bit (typ) 


@ Fast cycle time: 
@ Refresh interval: 


@ Low standby power: 


@ Output terminal has OR-tie capability 

@ Easy memory expansion by chip enable input 

@ interchangeable with Intel’s 1103 in pin configuration 
and electrical characteristics 

APPLICATION 

@ Main memory of computers 

@ Memory for Chinese-character printer 


FUNCTION 

The M58533P has the following four function cycles: 

READ—when an address is designated by address signals 
Ay~Ag and R/W is turned high, data in the designated 
address is read out to the output. 

WRITE—when an address is designated by address signals 
Ag~Ag and the low-level write pulse is applied to the 
R/W terminal, data input during that time is written. 

READ/WRITE (READ-MODIFY-WRITE)—In the write 
cycle, if data that is read out from the output terminals 
is treated as effective data during the period before the 
write pulse is applied, both read and write operations are 


BLOCK DIAGRAM 


ROW SELECTOR 
READ/WRITE 
AMPLIFIER 


ADDRESS INPUTS 


COLUMN SELECTOR 


PIN CONFIGURATION (TOP VIEW) 


READ/WRITE INPUT 
(16V) 
CHIP ENABLE INPUT 


ADDRESS INPUTS 


ADDRESS INPUT 


PRECHARGE INPUT DATA OUTPUT 


deesssn 


ADDRESS INPUT 
DATA INPUT 
(OV) 
(Vsgt+3.5V) 


ADDRESS INPUTS 


Outline 18P1 


performed in one cycle. 

REFRESH—This cycle periodically refreshes the dynami- 
cally memorized data, and it is performed by designating 
the address of Ayg~Az, in the read cycle. 


The output can go to the floating (high-impedance) state 
when chip enable goes high, and the output can then be 
OR-tied. 


(Vss+3.5V) 


1024-WORD x 1BIT (16V) 
RAM Cov) 


(32 ROWS x 
32 COLUMNS) 
PRECHARGE INPUT 


CHIP ENABLE INPUT 


READ/WRITE INPUT 


REFRESH AMPLIFIER DATA INPUT 


READ/WRITE 


COLUMN GATE CIRCUIT 
DATA OUTPUT 
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1024-BIT (1024-WORD BY 1-BiIT) DYNAMIC RANDOM-ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


[Pa | Power pate 
A 
ee eee nee 


Storage temperature range 


With respect to V BB 


Symbol Parameter 


Supply voltage 


Supply voltage 
High-level input voltage 


VIL Low-level input voltage 


Ri Load resistance 


Limits 


7 


Vss~ 14.5 po ae | 


= 4000 


ae 
ai 
=e 
= 


lal | 
z 
> 


Supply current from V pb Vi coy= Vice) = OV, Viccey=Vss, Ta=25°C 


| tobe | Supply current from V DD Vican)=Vi(pPy = Vi (ce) =OV, Ta=25°C Po = 36 
| loos | Supply current from V pp Viwp)=Vss, Vicce)=O0V, Ta=25°C | | 5.6 | 
Supply current from V p> Vi(p) =Vss, Vice) =Vss, Ta=25°C re es 


| 
oa) 
o 


| 
a 


| DD(AV) Average supply current from V DD 


Ci (Ao —Ag)| Input capacitance, AD 


Note 1: Current flowing into an IC is positive: out is negative. 
2 : Output voltage is defined as follows: VOH=VDD—-RL+!0H, VOL=VDD—RL * !OL 


beree 
SL eM 
pal 
| 17 | =25] ma __ | 
Vi=Vss, Vi=25mVrms, f= 1MHz 18 oF 


—_ 
N |W on 
Ll. 
TH |O 
nm /7 
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1024-BIT (1024-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TIMING REQUIREMENTS (For Read, Write, or Read-Modify-Write Cycle) 
(Ta=0 ~70°C, Vss=16V+5%, VBB—Vss=3~4V, VDD=OV. unless otherwise noted) 


t SU(AD-CE) Address setup time with respect to chip enable a 
tsu(CE-AD) Chip enable setup time with respect to address he ell 
See timing diagram for read, write and 
Prechar tup ti t h : 
tsu(P-CE) charge setup time with respect to chip enable read-modify-write cycles | 425 | | 


{td(PL-CEL)| Delay time, precharge low to chip enable low 
td( PH-CEH)| Delay time, precharge high to chip enable high 
tsu(CE-P) Chip enable setup time with respect to precharge 


SWITCHING CHARACTERISTICS (ta=0~70°c, Vss=16Vv +5%, VBB-—Vss=3V~4V, VDD=OV., unless otherwise noted) 


Read Cycle 
Symbol Parameter Test conditions 
Read cycle time 
th (CE) Chip enable hold time 
Precharge low-to-high access time 
Precharge high-to-low access time 


See timing diagram for read cycle 
tr=tf=20ns, CL=100pF 


RLoOAD= 1002, VREF = 40mV 


Write or Read-Modify-Write Cycle 


to (RMW) Read-modify-write cycle time See timing diagram for read, write and 
Precharge setup time with respect to write read -modify-write cycle. 


Write pulse width CL=100pF 
Write setup time with respect to high-to-low output RL=100Q 


Pia) | Pectaas owiohigh ecw re 
[tsuneo | ito ep imo win espacio buogh oa 
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1024-BIT (1024-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TIMING DIAGRAMS 


Read Cycle 
; (Units : ns) 
0 50 100 150 200 250 300 350 400 450 500 550 580 
ADDRESS to.(RD) 
VIH oe : 
VY» Ys ADDRESS 
Ayo~ Ag —YY, 4 S ADDRESS STABLE > 
Vit @ 


VIH 


vi @ 


ae a Sa CS a 


Tsu(AD—CE) ; 
| oy? yn Ne 
: aU eee | 
a ® 
‘oO 
(2) 


R/W 


VREF = 40mV 


Dout 


‘?) 

m 

<< s 

" i 
eae aes SS cere 


VoL RLOAD= 100Q > 
DATA OUT 
ta(AD) CLOAD= {00pF VALID 


ta (P, HL) 


Write or Read-Modify-Write Cycle 


ADDRESS 
CAN CHANGE . to(WR) OR tc (RMW) 


VIH 
7 wD ADDRESS CAN 
Roane 2 Wy, <P ADDRESS STABLE pe Apres | 
t d (PH—CEH) es 
ViH tsu(AD—CE) SU 
. @ 
> 6 ee ‘eae! 7 
Vit 
cinese eres, 
VIE 2 ee a ey td(PL—CEL) tsu(WR, HL) 
Vit ® ® 
tsu(WR, LH) 


VIH ) tw(wr) 

a sa) Dean 74 
Vit @ tsu(DA) (Note 5) th (DA) (Note 6) 
VIH a 3 


MMU As ge OO - s 


ta (P, HL) 


VOH 
Daur VREF = 40mV Mii, 
VoL RLOAD= 1002 i 2 
ta(ap) CLOAD=100pF DATA OUT 
ta(P, HL) NOT VALID 
f 0 50 100 150 200 250 300 350 400 450 500 550 580 
(Units : ns) : 
Note 3 : The reference level of point Mis Vss— 2V. and point @ is Voy + 2V. 
4 : Tr is defined as the transition time between point GD and point @). 
5: tsucpa) Is referenced to point @ of the rising edge of CE or R/W. 
6 : tncpa) is referenced to point @ of the rising edge of CE or R/W. 
7: ta(an)= tsucan-ce) min + tacpc —cet)t+ tacp, LH)max + 2tr 
8: tare, HL) = tsuce-ce) min + tacpr—ceLyt tace, Lnymax + 2ty7 
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1024-BIT (1024-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS AVERAGE SUPPLY CURRENT FROM Vpp 
SUPPLY CURRENT WAVEFORM VS. SUPPLY VOLTAGE vss 


CYCLE TIME 580ns 
PRECHARGE WIDTH !90ns 
VBB— Vss=3V 


CO 
WU 


14 15 16 17 18 
SUPPLY VOLTAGE Vss (V) 


20 


SUPPLY CURRENT FROM VbD Ipp (mA) 


AVERAGE SUPPLY CURRENT FROM Vpp !pp(ay) (mA) 


HIGH-LEVEL OUTPUT CURRENT VS. SUPPLY VOLTAGE VS. 
SUPPLY VOLTAGE Vss CEL-PL DELAY TIME 


YUU 
Wt: er | 


(mA ) 


OPERATING REGION 


HIGH-LEVEL OUTPUT CURRENT IoH 
SUPPLY VOLTAGE Vss (V) 


SUPPLY VOLTAGE Vss (V) CEL-PL DELAY TIME ta(cEL—pL) 


ADDRESS ACCESS TIME VS. SUPPLY VOLTAGE VS. 
SUPPLY VOLTAGE vss VOLTAGE Ves—Vss 


35 0 
: tsu(AD)= 145ns a ee CYCLE TIME 
580ns 


td(CEL~—PL)=25ns OFERAUNG ALLOPING “1” “0” 
325}tT=20ns 


ADDRESS ACCESS TIME ta(ab) (ns) 
SUPPLY VOLTAGE Vas (V) 


13 14 15 16 17 18 0 { 2 3 4 5 
SUPPLY VOLTAGE Vss (V) VOLTAGE Veap— Vss (Vv) 
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M58751P, MS58751S 


Alternative Designation 2102A 


1024-BIT (1024-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


DESCRIPTION 

The M58751P and M58751S are 1024-word by 1-bit N- 
channel silicon-gate MOS static RAMs, designed for applica- 
tions where ease of use is the important design object. Both 
operate by a single 5V power supply, as does TTL, and 
all inputs and output are directly compatible with TTL. 


FEATURES 

@ Fast access time: 450ns (max) 

@ Low power dissipation: 100uW/bit (typ) 

@ Single 5V power supply 

@ Data holding at 1.5V supply voltage is possible 

@ Requires no external clock or refreshing 

@ All inputs and output are directly compatible with TTL 

@ Three-state output and OR-tie capability 

@ Easy memory expansion by chip select input 

@ Both M58751P and M58751S are interchangeable with 
Intel’s 2102A-4 in pin configuration and electrical 
characteristics 


APPLICATION 


@ Small-capacity memory systems 


FUNCTION 
Static design makes the M58751P and M58751S convenient 
to use as they require no external clocks or refreshing, and 
all inputs and output are directly compatible with TTL. 
During writing operation, when a location is designated 
by address signals Ag~Ag and R/W goes low, Diy at that 
time is written; during reading operation, when a location 
is designated by address signals Ag~Ag and R/W goes high, 
data of the designated address is taken from the Doyt 


BLOCK DIAGRAM 


r 


32 


X INPUT BUFFER 


c 
uu 
QO 
O 
O 
Ww 
a) 
Y 
Y) 
va 
c 
Qa 
fa 
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ADDRESS 
INPUTS 


oc 

As @) . : 
LU 

A6 ur s) 

ra Oo 

A7(6) kK 8 

A S a 

8 Zz ra 

ra 

x < 

Ag > 


eee 


1024-WORD x 1-BIT 
RAM 
(32 ROWS x 
32 COLUMNS) 


PIN CONFIGURATION (TOP VIEW) 


As > 
ADDRESS INPUTS 
As-> ADDRESS INPUTS 


READ/WRITE INPUT R/W-> 


M3]¢- CS CHIP SELECT INPUT 


< 
ot 
co 
~~ 
on 
U 


—> Dout DATA OUTPUT 
ADDRESS INPUTS M1} Din = DATA INPUT 
M0}, = Voc (5V) 

[3] GND (OV) 


Outline 16P1 (M58751P) 
16S1 (M58751S) 


terminal. 

When CS is high, the chip is in the non-selectable state, 
disabling both reading and writing operations of the device. 
In this case the output is in the floating (high impedance) 
state enabling OR-tie to other outputs. 

The memory data is held when supply voltage drops to 
1.5V, enabling battery back-up operation during power 
stoppages and low-power operation during standby. 


ie (5V) 
- (OV) 


(12) D DATA 
OUT OUTPUT 


SENSE OUTPUT 
CIRCUIT BUFFER 
(/0 
| HIP —— CHIP SELECT 
NPE : . (3) CS input 
PUT SELECT 
BUFFER 


Owe | 


Din DATA INPUT R/W READ/WRITE INPUT 
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M58751P ,M58751S 


Alternative Designation 2102A 


1024-BIT (1024-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


Se ie Oo M58751P 
Power dissipation 
M58751S 


Operating free-air temperature range 


With respect to GND 


Ta=25°C 


Symbol Parameter 


Low-level input voltage 
High-level input voltage - 


Limits 
Parameter Test conditions timits | Unit 
cc 


OO 
[Vic | towimt input vote ——SSSSSSSCS*d 
[Wor | Hrievt ouput vetage Sd 0 


Vi=GND, Vi=25mVrms, f=1MHz 
Vo=GND, Vo=25mVrms, f=1MHz 


POWER-DOWN CHARACTERISTICS (-ta=0 ~70°C. unless otherwise noted) 


~ mae re ee 
Vi(CS) Power-down chip select voltage 
|.8V= Voo(r0) $2.2 veotra} [| 


} Icc(PO01) Power-down supply current Vcoc=1.5V, all inputs = 1,5V 
ICC(PD2) Power-down supply current Voc =2.0V, all inouts =2.0V 


Note : Current flowing into an IC is positive ; out is negative. 


. 7 MITSUBISHI 
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M58751P ,MS8751S 


Alternative Designation 2102A 


1024-BIT (1024-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


SWITCHING CHARACTERISTICS (ta=o~70°c, Vec=5V +5%, unless otherwise noted) 
Read Cycle 


tc(RD) Read cycle time 
Address access time 


Test conditions 


Input pulse VIH=2.2V 
ViL=0.65V 
tr=tf=20ns 


Reference level 1.5V 
Load =1TTL, CL=100pF 


TIMING REQUIREMENTS (ta =0~70°c , Voc=5V+5%, unless otherwise noted) 
Write Cycle 


VIH=2.2V 
ViL=0.65V 
tr=tf=20ns 
Reference level =1.5V 
Load=1TTL, CL=100pF 


rm) 


Power-Down Operation hy 00k 


Limits 
__| Min Max 


tsu(PD) Power-down setup time 
tr PD) Power-down recovery time 


Input pulse 


Write cycle time 
Address setup time 
Write pulse width 
Data hold time 

Data setup time 
Write recovery time 
Chip select setup time 


TIMING DIAGRAMS 


Read Cycle Write Cycle 
tc(RD) tones 
IMME VNEFEKEK 5O"OO%0. 0. twr 
wae SION SOLOS 
CS 8 DON'T CARE SQKS004 &DON'T CARE aS SIROST ENN FrS 
LPI COO EOOEN PES 2QOOKR S  SKYDON'T CARER RSxCARE 
DAV... Qe: 


Q 
eS WMO RGA 
-20ns t t 
su( AD) Ww (WR) 


tdv (AD) su (DA) th pa) 


( DATA 
Dout DATA VALID Din DATA CAN CHANGE DATA STABLE CAN 
CHANGE 


Vcc 


tsu(PD) 


Vcc(PD) 
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M58751P,M58751S 


Alternative Designation 2102A 


1024-BIT (1024-WORD BY 1-BIT) STATIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS 


ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE 


ADDRESS ACCESS TIME ta(ap) (ns) 


HIGH-LEVEL OUTPUT CURRENT IOH (mA) 


DATA OUTPUT VOLTAGE VO(DA) (V) 


AMBIENT TEMPERATURE Ta (°C ) 


| DATA INPUT-OUTPUT TRANSFER 
CHARACTERISTICS 


ce) ie ee 


Ta=25 | ee 


DATA INPUT VOLTAGE VI(DA) (V) 


HIGH-LEVEL OUTPUT CURRENT VS. 
HIGH-LEVEL OUTPUT VOLTAGE 


ee Ne 
2 3 4 


HIGH-LEVEL OUTPUT VOLTAGE Vou (V) 


ADDRESS ACCESS TIME VS. 
LOAD CAPACITANCE 


veccered TT TT TT 
LOAD+ITTL ) 


500 


Ta=25T 


ADDRESS ACCESS TIME ta(AD) (ns) 


200 


300 
LOAD CAPACITANCE CL (pF) 


400 


LOW-LEVEL OUTPUT CURRENT VS. 
LOW-LEVEL OUTPUT VOLTAGE 


LOW-LEVEL OUTPUT CURRENT !OL (mA) 


LOW-LEVEL OUTPUT VOLTAGE VOL (V) 


SUPPLY CURRENT FROM Vcc VS. 
SUPPLY VOLTAGE Vcc 
Ta=25C 


— 
Eis 
Es 
Esl 
ee ie 
i= 
= 
iz 
iz 


eS 
Bae 
baad 


Pace RRA 


a 
Eee RAREES 


SUPPLY CURRENT FROM Vcc Icc (mA) 
SaaS 


SUPPLY VOLTAGE Voc (V) 
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MITSUBISHI LSIs_ 
M58755S-1, MS58755S-2, MS8755S-3 


Aiternative Designation 2107B 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM - ACCESS MEMORY 


DESCRIPTION 


The M58755S series consists of three 4096-word by 1-bit 
dynamic RAMs, fabricated with the N-channel silicon-gate 
MOS process. These RAMs are designed for large-capacity 
memory systems where high speed, low power dissipation 
and low cost are important design objects. 


FEATURES 


dissipation (typ) 
0.03uW/bit (typ) 


@ Low standby power: 
@ Voltage range for all power 


supplies (Vop, Vcc, Vas): 
@ Refresh interval: 
@ Refresh addresses: 


+10% 
2ms (Ta = O~70°C) 
Ao, Ai, A2, A3, Aa, As 


@ All input terminals except CE are directly TTL compati- 
ble 

@ Memory expansion is enabled by chip select input 

@ Output can be in the floating (high-impedance) state 
when C$ is high or CE is low. 

@ Interchangeable with Intel’s 2107B and Tl’s TMS4060 


APPLICATION 

@ Main memory unit for computers 

FUNCTION 

A location is designated by address signals Ag~Aj;, and 
reading from and writing to that location is controlled by 


BLOCK DIAGRAM 


ROW DECODER 
AND 
BUFFER 
REGISTER 


ADDRESS 
INPUTS 


COLUMN DECODER 


BUFFER 
REGISTER 


CHIP ENABLE 


PIN CONFIGURATION (TOP VIEW) 


Vss (OV) 
+Ag} (5V) 
+A7} ADDRESS INPUTS 


ADDRESS INPUTS 4 Ayo—>[3] 


CHIP SELECT INPUT CS—>[5) 
DATA INPUT Din->[6) 


DATA OUTPUT Doyt *-LZ 


Mg}, ~Vop (12V) | 
— WCE CHIP ENABLE INPUT 


L-SSSL8SW 


ADDRESS INPUTS ; Ai {31 ADDRESS INPUTS 


N2]<-R/W READ/WRITE INPUT 


NC= NO CONNECTION 


Outline 22S1 


R/W. When CS is high, the chip is in the non-selectable 
state, disabling both read and write operations. 

The devices are dynamic RAMs, and must be refreshed 
every 2ms to hold data stored in the memory cells. Refresh- 
ing is performed by reading sequentially the 64 locations 
designated by the 6 address signals Ap~As. 


4096-WORD x 1-BIT 
RAM 
(64 ROWS x 64 COLUMNS) 


COLUMN AMPLIFIER 
: e— 
TI 


SING 3 _ fo (7) Dout DATA OUTPUT 
INPUT/OUTPUT ee 


GENERATOR (6) Din DATA INPUT 
O 


Oo a 


INPUT CE cs R/W READ/WRITE INPUT 
CHIP SELECT INPUT 
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517 


MITSUBISHI LSIs 


M5875S5S-1, M58755S-2, M58755S-3 | 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM..ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


| Pq Power dissipation 
[Tstg_| Stowe orpeatrernge Lt 


With respect to V BB (substrate) 


Parameter 


Supply voltage 


Vss Supply voltage Pa 
[VincGe) | Wahl chip ene inpatvetogs «| Vo 


High-level input voltage, all inputs except chip enable 


Low-level chip enable input voltage ~~ 


Low-level input voltage, all inputs except chip enable 


ELECTRICAL CHARACTERISTICS 


(Ta=O~ 70°C, Voo=12V + 10%, Vcc=5V+10%, Vss=0V, VaB=—5V + 10%. unless otherwise noted) 


High-level chip enable input voltage 


VIH High-level input voltage, all inputs except chip enable 


| 
Unit 

Typ Max 

Vob +1 


Voc +1 


Parameter Test conditions 


le 


VIL(CE) Low-level chip enable input voltage 


< 

.) 
nm nj/oO}= 
. all ic 


VIL Low-level input voltage, all inputs except chip enable 
l1(CE) Input current, chip enable input Vi=Vop+t1V 


oz voz=0~Vec 
Supply current from VDD VIL(CE)=—1V~0.6V 

: tw(CE)=230ns, to=400ns 
M58755S—2 | tw(ce)=300ns, to=470ns 
tw(CE)=180ns, to=310ns 
ores Vib= Vos, Vao=—8v, tI 
oe 


Note 1 : Current flowing into an IC is positive; out is negative. 


D> 


ee ee 
fo) 


py 


Vcc 


is 
> 


200 


nN 
re) 
3 
> 


RR 
bi > 


3 
b> 


s 
> 


IDD(AV) Average supply current from V pp 


= 
> 


~ 


_ ~ 
oO 


UD 
7 


oS 
nN 


ne) zg kg 
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M58755S- 1, M58755S-2, M58755S-3 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS (M58755S-1) 


SUPPLY CURRENT FROM Vpop VS. 
TIME 


0 50100 150 200250 300 350 400 
eienercniehnenlamterrstndemneoka: mssenemnbaneemvemdiasancusedansseomemabacnne 


Vood VS. Ves OPERATING REGION 


ns) 


> 

O 

S 

é : 

el = 

g8 : 

5a a 

es : 

xs ” 
Se 
OQ Ww 

0 50 100 150 200250300 350 400 
TIME t (ns) SUPPLY VOLTAGE VeB (V) 
AVERAGE SUPPLY CURRENT FROM Vpp ADDRESS ACCESS TIME VS. 
VS. AMBIENT TEMPERATURE : AMBIENT TEMPERATURE 
0 


ADDRESS ACCESS TIME ta (ns) 


AVERAGE SUPPLY CURRENT FROM VDD IDD(AVv) 


AMBIENT TEMPERATURE Ta(‘C ) AMBIENT TEMPERATURE Ta(‘C ) 
AVERAGE SUPPLY CURRENT FROM VssB REFRESH CYCLE TIME VS. 
VS. AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


VDD =12V 
VIH(CE) = VDD —1V 


Vop = 12V 
Vcc = 5V 
VeB=—5V 
10-7 F ViH( cE) =GND 
Dout= OPEN 
OTHER = 5V 


HEPES 
clieed e Midleadle Nels a 
a ae ae 
SRERRRER SE 
ae eee ee 
ee 


AMBIENT TEMPERATURE T-a (‘°C ) AMBIENT TEMPERATURE Ta (‘C ) 


10 


AVERAGE SUPPLY CURRENT FROM VBB_ isp (A) 
= 
& 
REFRESH CYCLE TIME tc(REF) (ms) 


—-10% 
10-108 
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MS875S5S-1 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TIMING REQUIREMENTS M58755S-1 (Ta=0~70°c, Voo=12V 410%, Voc=5V+10%, Vss=0V, VBB=—5V +10%. unless 
Read, Write or Read-Modify-Write Cycle ctherwise noted) 


Symbol Parameter 


Refresh cycle time 
Chip select setup time 
Chip select hold time 


Read Cycle 


Symbol Parameter . Test conditions 


Pteucno) | Reweupine SSCSC~“‘“dSSC“‘CSNNNC#C#NCNCN“CNNWN 0 | 


Write or Read-Modify-Write Cycle 


2400) 
Read-modify-write cycle time | 520 | 


Min 

tc(RMW) 520 
J tur) | Read setuptime Pt 
| tneroy | Readhoid time 80 
[twowny | wae posewian 8 
| tawny | Wetedeley time 80 | 
a saa a eee ee el 
ee ee 


Write cycle time 


tr=tf=20ns 


th (DA) Data hold time 


SWITCHING CHARACTERISTICS (ta=-0~70°c, Voo=12V+10%, Voc=5V+10%, Vss=OV, VeaB=—5V+10% , unless otherwise 
Read Cycle noted) 


te Test conditions 
oe ee ee 


Chip enable access time CL=50pF, Load=1 TTL, VREF=2.0V 
tsu(ao)=Ons., tr=tt=Z0ns 
tdv (CE) Data valid time with respect to chip enable 


Read-Modify-Write Cycle 


Chip enable access time CL=50pF, Load=1 TTL, VREF=2.0V 
Ftacan) | adtoss aaess red touts, tet 2ons 
| tdv(ce) | Data valid time with respect to chip enable Nee 
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M58755S-1 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM ACCESS MEMORY 


TIMING DIAGRAMS 


Read Cycle tc(RD) 
oa WW, A SEI = 
Ftncany | 
tsu(AD) 

Witedomeea fae 

" (0) tw (CEH) ® 
CE 

® 
VIL 


XN 


ae 
Tsu(RO) —: 


a ae 


ta(CE) 


(180) 
(0) tdv(ceE) 


VOH®=-2--—-—-— wee —s—‘“‘“‘<‘<“‘“‘“‘i‘i‘i‘(‘i‘i‘i‘i‘i—t™t | i ES OS SY RS SN SO OR CD NN OD CO 
leans VOH min i 
D FLOATING VALID: FLOATING 
OUT | ; 


VOL eae eee a a dt cl ie 


Write or Read-Modify-Write Cycle 


tc(wR) OR tc(RMwW) 


os 


VOL 
tsu( ap) (100) 

VIH -------- (0) ; 

W (CEH) 
4 
CE (230) WRITE CYCLE @ cee @ 
(350) READ-MODIFY-WRITE CYCLE (430) 
@ 


ViL eel 
VIH (0) pee: 
oe "Ds 8 _, ® _WHITEEEEMTIII 
th(RD) (180) (150) 


DON'T CARE AT 
— WRITE CYCLE 


R/W 


ee 


tsu(pa) th(oa) 
(0) (0) 
VLR, BZ 
Din Yi DON'T cane LN STABLE OL SG 
Fy VA J 
) tdv(CE) 
VOH oo on oe ee oe a oe CE ___ (9) oe ome ee aS es ee oe ee se es ee 
‘ 
——— t 
Dout / FLOATING \ 
(200) 
7 : The transition ti ) of th i ition ti 
Note 4 © Hatching indicates the ‘state is unknown or chanding: The transition time (t 7) of the CE Pulse is defined as the transition time from @) 
| . . to @ and from @ to @). 
Sa Vesroey, : Wertelelence eve! 10f oat @, and Vss+2.4V for cal @, 8 : The level of the dotted line should be kept high during read-modify-write cycle. 
Oe Mesa COV le tice erence tevelior pont (rand Yoo == 2 Osc) point @, 9 : Numbers in parentheses ( ) indicate the minimum timing value in ns. 
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MS875S5S-2 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TIMING REQUIREMENTS M58755S-2 (Ta=0~70°c, Vop=12v+10%, Voc=5V+10%, Vss=0V, Veas=—5V +10%. unless 
Read, Write or Read-Modify-Write Cycle 


Refresh cycle time 
Chip enable low pulse width 
Chip enable pulse rise time 


otherwise noted) 


th (CS) Chip select hold time 


Read Cycle 


Read cycle time tr=tf=20ns 


aa 
in a ah 
ee 


Write or Read-Modify-Write Cycle 


Symbol Parameter . Test conditions 
Min 


; tr=tf=20ns 
Read-modify-write cycle time 


¥} tw(CEH) Chip enable high pulse width, write cycle 
tw(CEH) Chip enable high pulse width, read-modify-write cycle 


SWITCHING CHARACTERISTICS (tTa=0~70°c, Voo=12V +10%, Voc=5V+10%, Vss=0V. VaB=—5V +10% . unless otherwise 


noted) 


Read Cycle 7 


| 
ol Parameter Test conditions Unit 


Chip enable access ume CL=SO0pF, Load=1 TTL, VREF=2.0V 
tdv (CE) Data valid time with respect to chip enable 


Read-Modify-Write Cycle 


Symbol Parameter Test conditions ; Unit 
Min Typ Max 


Chip enable access time CL=50pF, toad=1 TTL, VREF=2.0V 
tdv (CE) Data valid time with respect to chip enable eae) ee sl 
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MS8755S-2 


Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM- ACCESS MEMORY 


TIMING DIAGRAMS 
Read Cycle te(RD) 


cane; a 7/75, 


(100) 


t 
@ 


tsu(AD) 


VIH ------------ (0) 
CE 


: ee 
VIL 


tsu(CS) 


ies (100) DON’T CARE 
ne VIL YA. © OC A Vp 
tsu(RbD) | | ER «ROD 
—}—} a (0) 
ViH wan er 
DON’T (2) 
i AG — Y, 
(250) 


. (0) tdv(ce) 
OH -— oe em a am ae we oe my ww i i i ewtt~—<“‘“‘<‘<‘<‘i‘i‘i‘(i‘(‘(‘(‘(“‘( ‘(i “‘( “‘(i“‘(i‘sés*r:Cs— TT TH OD 
VOH min ! 
D FLOATING VALID1 FLOATING 
OUT / 1 
VOL = oe ee ow oe es oe cree os ae a ee es eee Tne! GN) EE OD GM GED GED GD EE GE GED GED WER cee ae ae 
ta(AD) , 
(270) 
tc(wR) OR toc(RMw) 


7 2 
Ao~ Ay oe a ZZ LY, | STABLE 


VIH -------- (0) 


Write or Read-Modify-Write Cycle 


tw(CEH) ® 
CE (300) WRITE CYCLE on 
(420) READ-MODIFY-WRITE CYCLE 
)) 
Vit 
tsu(CS) 
ViH (0) > 
VIH ' 
DON’T 
. DON’T CARE AT : DON’T CARE 
es WZ cAREV] | WRITE CYCLE. f YY F 
tsu(DA) ae 
(0) | 0 
VIH . Wy : “@) @ [Z, 
Din “4, DON'T CARE Yyy STABLE ) DON’T CARE 
Vit Li) = PL © 
ta(ce) tdv(ce) 
VV OH exe ee we ae ee cee cee en ae ee oe (250) __ (9) a i es ccm coe es cs iis Siem“ 
VOH min ‘ 
ee FLOATING / VALID FLOATING \ 
SiC ae i se aca Sa Nac aa a a a ttc enc 
ta(AD) 
(270) 


7 : The transition time f th Ise i i ition ti 
Note 4 : Hatching indicates the state is unknown or changing. st Gui oe e CE Pulse is defined as the transition time from @ 


5 : Vss+0.6V is the reference level for point @ and Vss+2.4V for point @. 


8 : The level of the dotted line should be kept high during read-modify-write cycle. 
6 : Vss+2.0V is the reference level for point.@) and Vpop — 2.0V for point@, 


9 : Numbers in parentheses ( ) indicate the minimum timing value in ns. 
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Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TIMING REQUIREMENTS M58755S-3 (Ta=0~70°c, Voo=12vV + 10%, Voc=5V+10%, Vss=0V, VBB=—5V +10%. unless 
Read, Write or Read-Modify-Write Cycle 


otherwise noted) 


Chip enable pulse fall time 
Chip select hold time 


Read Cycle 


Limits 
Symbol Parameter Test conditions Unit 
[sre ef 
tw (CEH) Chip enable high pulse width | 180 | | 4000 | ons | 


Read setup time as 


ae ae ee 
ee 
Write or Read-Modify-Write Cycle 


ns 


| to(wR) 
ou tr=tf=20ns 


tc(RMW) Read-modify-write cycle time 
tw (CEH) 


Min Typ 
320 

470 

ee eee ete Seer ene | 
Ficosi [Cho enti righ pute wth redimodivwieoee fC 
Ptsuino) | Reedseupime | S~*dC 


Chip enable high pulse width, write cycle 


. Data setup time 
th (DA) Data hold time 


SWITCHING CHARACTERISTICS (Ta=0~70°Cc, Voo=12V+10%, Vcoc=5V+10%, VSs=OV, VBB=—5V+10% . unless otherwise 
Read Cycle nated) 


| Limits | 
eter Test conditions | timits 
ae — ee eee 


Chip enable access time CL=50pF, Load=1 TTL, VREF=2.0V 
tdv (CE) Data valid time with respect to chip ennable 


Read-Modify-Write Cycle 


Chip enable access time CL=50pF, toad=1 TTL. VREF=2.0V 
tdv (CE) Data valid time with respect to chip enable a ee ee 
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Alternative Designation 2107B 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM- ACCESS MEMORY 


TIMING DIAGRAMS 
Read Cycle te(Rd) 


W/E 75/7) rr 


(100) 


Vikb-ee tee secs 
" 4 y 
CE ® (180) 
| @ 


Vit 
tsu(Cs) 


= WH 


tsu(RD) 
a 
ViH (~ 10) 


| V/A OX 
/ BONY Ga WA CARE 
aa CARE YAY y, 
SX A 4 
. (0) tdv(cE) 
VOH-e--<-—-— ce 
—_—— VOH min ‘ 
Dourt FLOATING i ac: FLOATING 
VOL. -=— =< oy a a eee om —_ = ewe ae ee ae oe s Sa ci “es esse ees" ease es 
ta(AD) 
(150) 


Write or Read-Modify-Write Cycle 


~ K 2 STABLE } 
oe LL 
ek ZZ NOD ®D 
tsu(Ab) (400) 
VIH ---~---- | (0) 


th(rRo 
aN 


tccwr) OR tc(RMw) 


YM YU, 


(180).WRITE CYCLE 
(300) READ-MODIFY-WRITE CYCLE 


Ce 


VIL 


t su(CS) 
VIH | (0) 
a ; DON'T CARE 7, 
CS Vit LLM ee ee a, LD 
tsu( RD) td( wr) (150) tsu(wr) 
(150) 
et WA, | 
DON’T CARE AT (50) Lf, DON'T CARE 
R/W _WRITE CYCLE | por G0 oy AV 
tsu(pa) i th(Da) 
0) 
Din 
(0) 
VOH min ' 
esenin FLOATING VALID ¢ FLOATING 
Dout / t 
VOL we me me a ne fae ee ec a lee a wn ce ee ce wn mn ee en ce Se Se me cae ce es ee 
ta(aD) 
(150) 
i eh ng f are 
Note 4 : Hatching indicates the state is unknown or changing. ee ea a@ oo the CE Pulse is defined as the transition time: from @) 
5: Vsst0.6V ie the reference level for om ®, and Vss+2.4V for agi @. 8 : The level of the dotted line should be kept high during read-modify-write cycle. 
6 Vss+2.0V is the reference level for point @), and Voo — 2.0V for point@), 9 : Numbers in parentheses ( ) indicate the minimum timing value in ns. 
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Alternative Designation 2107B 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM- ACCESS MEMORY 


APPLICATION 
Method of Refreshing 


Since 64 memory cells designated by the X address can be 
refreshed in 1 cycle, (either read, write or read-modify- 
write), a read operation for all 64 addresses selected by the 
6 address signals Ag~As5 must be performed within 2ms to 
refresh all 4096 memory cells. If the chip is refreshed dur- 


CS must be kept low; during a read cycle, CS can be either 
high or low. If a read operation is executed when the chip is 
in the non-designated state with CS high, refreshing can be 
performed with the output terminal Doyz in the floating 
(high-impedance) state. Thus all the M58755Ss used in the 


‘ing a write cycle ora read-modify-write cycle, then signal © memory system can be refreshed in only 64 cycles. 


Recommended Driver Circuit for Chip Enable Pulse 


COMPONENTS : Md4601P 
28C714 
RESISTORS 


Vop(12Vv) 


250714 


TO CE TERMINAL OF 
M58755S 


Las aise ps jt Sasi ed a ert 


SELECT SIGNAL FOR CE PULSE % M54601P 


HIGH-LEVEL : CE PULSE IS ACTIVE 
LOW-LEVEL : CE PULSE IS NOT ACTIVE 


Note 1: Ri is determined according to a required rise time of the CE pulse. For example, when C, capacitance load for the CE pulse is 300pF, 


R14 is set at 300 (Sw) : then, rise time tr=30ns: fall time tf=30ns: tey_ =20ns: tpLyH =20ns. 


2 :One M54601P dual peripheral positive AND driver circuit should be used for each CE driver circuit. 
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Aiternative Designation 2101A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


DESCRIPTION 

The M58721P and M58721S are 256-word by 4-bit static 
RAMs, fabricated with the N-channel silicon-gate MOS 
process and designed for simple interfacing. They operate 
by a single 5V supply, as does TTL, and are directly TTL- 
‘compatible. 
FEATURES 

@ Fast access time: 450ns (max) 
@ Low power dissipation: 150uW/bit (typ) 

@ Single 5V supply voltage 

@ Data holding at 1.5V supply voltage (optional) 

@ No clocks or refreshing required 

@ All inputs and outputs are directly TTL-compatible 

@ All outputs are three-state, with OR-tie capability 

@ Simple memory expansion by chip select input 

@ Separate data inputs and outputs 

@ Interchangeable with Intel’s 2101A-4 in pin configuration 

and electrical characteristics. 

APPLICATION 

@Small-capacity memory units 
FUNCTION 
The M58721P and M58721S have 256-word by 4-bit organ- 
ization and provide separate data input and output termi- 
nals. During a write cycle, when a location is designated by 
address signals Ag~A, and signal R/W goes low, the data of 
the IN signal at that time is written. 

During a read cycle, when a location is designated by 
address signals Ag~Az and R/W goes high, data of the 
designated address is taken from the DO terminal. 

When signal CS, is high or CS, is low, the chip is in the 


BLOCK DIAGRAM 


RAM 
(832 ROWS X 


32 COLUMNS) 


INPUT BUFFER 
ADDRESS 
DECODER 


ADDRESS 
INPUTS 


INPUT BUFFER 
ADDRESS 
DECODER 


R/W 
READ/WRITE 
INPUT 


256-WORD x 4-BIT 


1/0 CONTROL 
INPUT 
BUFFER 


DiyDl2D I3D Iq 


DATA INPUT 


PIN CONFIGURATION (TOP VIEW) 


Voc (5V) 
21}¢-A4 ADDRESS INPUT 
20)<—- R/W READ/WRITE INPUT 


M9]¢—-CS; CHIP SELECT INPUT 


OUTPUT DISABLE 
+ OD INPUT 


M7j¢-CS 2 CHIP SELECT INPUT 
16]-» DO 4 DATA OUTPUT 
5]¢-Dig = DATA INPUT 
14|-> DO3 DATA OUTPUT 
DATA OUTPUT DO, 43}¢-D13 9 DATA INPUT 

DATA INPUT DI, —>[71] 42}» DO, DATA OUTPUT 


ADDRESS INPUTS 


dbeL8sw 


Outline 22P1 (M58721P) 
22S1 (M58721S) 


non-selectable state, disabling both reading and writing. In 
this case the output is in the floating (high-impedance) state 
useful for OR-ties with other output terminals. 

When signal OD is high, the output is in the floating 
state, so that OD is used as an input/output select control 
signal for common input/output operation. 

The memory data can be held at a supply voltage of 
1.5V, enabling battery back-up operation during power 
failure and power-down operation in the standby mode. 


2Vec (5V) 
(8) GND (0V) 


meas aoe. 
ne. DO2 }DATA OUTPUTS 


CHIP 
SELECT 
° 


.S a Te 


CSi CSe2 OD 
OUTPUT DISABLE INPUT 


CHIP SELECT INPUTS 
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Alternative Designation 2101A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


e6 
| 
1@) 


ye A Input voltage With respect to GND : 
PMG. Output voltage —0.3~7 


Meee [ a ee 
M : ee fx ti a= 2 
aximum power dissipation 587215 | tooo | 


V 
V 
V 
Tope | Operating fes-ar ambient temperate | 
rag | sam wneenne | pumpvane | =40~125 
. rwsevets[ 


Parameter 


ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vog =5V £5% , unless otherwise noted) 


Symbol Parameter Test conditions 


Pie ieee Soo ee 

Low-level output voltage loL=3.5mA 

oz | oraiie nano ancien ———SSSS*dC ae. 2v. vom® AV Vvoo | 

Off-state low-level output current | vucs=2.2v,Vo=0-av — T 
Ci Bestel 

. od 


Vo=GND, f=tMHz, 25mVrms 


Output capacitance 


Note 1 : Current flowing into an IC is positive; out is negative. 


TIMING REQUIREMENTS (For Write Cycle) (Ta=0~70°C, Vcc=5V £5% . unless otherwise noted) 


input pulse Vin=2.2V 
D 


tsu(Abd) Address setup time with respect to write tr=tf=20ns 
Write recovery time 
tsu(op) Output disable setup time with respect to data in 


th(pa) Data hold time 


tsu(cs) Chip select setup time 


| to(Ro) Read cycle time . input pulse ViH=2.2V 
ta(AD) Address access time ViL=0.8V 


tr=tt=20ns 


Reference level == 1.5V 


Load =2TTL, CL=100pF 


ta(op) Output disable access time 
Output disable time (Note 2) 
tdv(AD) | Data valid time with respect to address 


Reference level = 1.5V 
LOAD = 2TTL , CL=100pF 


Note 2: tpxz is with respect toCS;, CS2, or OD. whichever occurs first. 
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Alternative Designation 2101A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


TIMING DIAGRAMS 
Read Cycle Write Cycle 


tcocwr) 


VX UX \ rx KX 
\ YOO WOA 
XX VX XA CS4 XY NN uantyt, 
POOL PNK 
LUT a 
CS2 NN XW xt 

2 ’ ©. ¢ 


YVXVAVYAXKV V 
KX XOX XX KAKA 


Ag~A7 


AVIA 
OK 

\A\K (NOTE 3) 

Ak x \ x \ ; 


<2 


ORL 


0) 
CS2 YK ‘ MN (NOTE. 3) 
YX 0%. 0%.0%' Xx} “4 ) WX X\X\ 
PXXXMSXXX(NOTE. 3)6 
XXX KY 
OD ASK. tdv (AD) 
K rx OX KK x XXX 


anes! NOTE 5 
OD 


texz 


DATA OUT \h\ Ore) 
DO VALID {// 


DATA IN DATA IN 
D| STABLE | CAN CHANGE 


t wr 


tsu(ad) 
Note 3 : Hatching indicates the state is unknown. 


4 : Indicates that during this period the data out is invalid for this definition of tdv (AD) and is in the floating state for this definition of tpxz. 


5 : OD may be kept low for the full cycle except during common input/output operation. 


POWER-DOWN OPERATION (OPTIONAL) These characteristics are guaranted only under custom specifications. 
Electrical Characteristics (Ta =0~70°C , unless otherwise noted) 


/ Symbol Parameter Test conditions 


ee 2.2V =Vcc(Pp)=Vcc 
Vi(csi) Power- down chip select input voltage : 

1.5V SVocc(pp)S2.2V Vcc(PD) 

loc(pp1) Power-down supply current from V oc Vcoo=1.5V, all inputs =4.5\V az 

loc(Po2) Power-down supply current from Vog = ae | 


Vcoc=2.0V, all inputs =2.0V 


Timing Requirements (Ta=0 ~70°c, Vcc =5V £5% . unless otherwise noted) 


Symbol Test conditions Max 


tie [ye [a 
Oe 


Parameter 


Timing Diagram 


Vcc 


CS1 


Vcc(PD) | 
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Alternative Designation 2101A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS 


ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE F LOAD CAPACITANCE 


ADDRESS ACCESS TIME ta(aD) (ns) 
ADDRESS ACCESS TIME ta(ap) (ns) 


AMBIENT TEMPERATURE Ta (°C ) LOAD CAPACITANCE CL(pF) 


DATA INPUT/OUTPUT SUPPLY: CURRENT FROM Vcc 
: TRANSFER CHARACTERISTICS VS. SUPPLY VOLTAGE Vcc 


DATA OUTPUT VOLTAGE Vo(pa) (V) 
SUPPLY CURRENT FROM Vcc Icc (mA) 


DATA INPUT VOLTAGE Vi(pa) (V) SUPPLY VOLTAGE Voc (V) 
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Alternative Designation 2111A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


DESCRIPTION 

The M58722P and M58722S are 256-word by 4-bit static 
RAMs, fabricated with the N-channel silicon-gate MOS 
process and designed for simple interfacing. They operate 
on a single 5V supply, as does TTL, and are directly TTL- 
compatible. 

The input and output terminals are common, and an OD 
terminal is provided. 
FEATURES 
@ Fast access time: 450ns (max) 
@ Low power dissipation: 150uW/bit (typ) 

@ Single 5V power supply 

@ Data holding at 1.5V supply voltage (optional) 

@ No clocks or refreshing required 

@ All inputs and outputs are directly TTL-compatible 

@ All outputs are three-state, with OR-tie capability 

@ Simple memory expansion by chip select input 

@ Common data inputs and outputs 

@ Interchangeable with Intel’s 2111A-4 in pin configuration 
and electrical characteristics 


APPLICATION 

@ Small-capacity memory units 

FUNCTION 

The M58722P and M58722S have 256-word by 4-bit organ- 
ization and provide common data input and output termi- 
nals. During a write cyele, when a location is designated by 
address signals Ag~A7, the OD signal is kept high to keep 


the I/O terminals in the input mode, signal R/W goes low, — 


and the data of the IN signal at that time is written. 
During a read cycle, when a location is designated by 
address signals Ag~A-7, the OD signal is kept low to keep 


BLOCK DIAGRAM 


256-WORD x 4-BIT 
RAM 
(32 ROWS X 
32 Saas 


INPUT BUFFER 
ADDRESS 
DECODER 


ADDRESS 


PIN CONFIGURATION (TOP VIEW) 


Voce (5V) 
7] Ag ADDRESS INPUT 
M6}¢—-R/W  READ/WRITE INPUT 


ADDRESS INPUTS «-CS; CHIP SELECT INPUT 


décL8sw 


134" 1/03 | pata 
4>| /Op { INPUTS/OUTPUTS 


(OV)GND [8] 
OUTPUT DISABLE OD ->[9) MOl<-CSp CHIP SELECT INPUT 


Outline 18P1 (M58722P) 
18S1 (M58722S) 


the I/O terminals in the output mode, signal R/W goes high, 
and the data of the designated address is taken from the !/O 
terminals. 

When signal CS, or CS, is high, the chip is in the non- 
selectable state, disabling both reading and writing. In this 
case the output is in the floating (high-impedance) state, 
useful for OR-ties with other output terminals. 

The memory data can be held at a supply voltage of 
1.5V, enabling battery back-up operation during power 
failure and power-down operation in the standby mode. 


(8) Voc (5V) 
(8) GND (OV) 


INPUTS 
: allies me 


ADDRESS 


a 
Lid 
Q 
O 
O 
uu 
im) 


INPUT BUFFER 


R/W 1/ 011702 1/031/ 04 


P__] AMPLIFIER 
@ 
aaa CHIP OF | CHIP SELECT 
|p tee SELECT |o ee 
/0 170 CONTROL 


INPUT BUFFER 


OUTPUT 
BUFFER 


4 


OD OUTPUT DISABLE INPUT 


READ/WRITE INPUT bata INPUTS/OUTPUTS 
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Alternative Designation 2111A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


| vo | Output voltage 


Maximum power dissipation Ta= 
Operating free-air ambient temperature 


2 aes 40 ~125 ine ad 
: Tstg Storage temperature M58722 
msg722S | CCCidC | 


With respect to GND 


Vcc 
Vi 
Vo 


YMDO' ‘arameter Unit 
5 


Low-level input voltage Ge. | 
High-level input voltage 


Limits 
ee me nee pits 
Vin | High-level input voltage ror fr 


io ail 
il aoe 
| es 

4 


Low-level output voltage loL=3.5mA aa 
Sa A ener CL eae ome 


vo pond 
vo 0.4 
[oz | ofsurenghinctouonouen __———*d:CWwG=2.2v, vo=?4V—Veo | || 10 | wa 
[tee [Soh cunenttomveg id: 280 rt ouronen | «dt | 
: , [anenee ier Ea 


Cc Viz 


Note 1 : Current flowing into an IC is positive; out is negative. 


TIMING REQUIREMENTS (For Write Cycle) (Ta=0~70°C, Voc=5V +5% . unless otherwise noted) 


Input pulse Vin=2.2V 
ViL=0.8V 


Write recovery time 
Chip select setup time 


Reference level = 1.5 
Load =2TTL, CL=100pF 


tae 
Data valid time with respect to address 


Note 2: tpxz is with respect.toCS1, CS2, or OD, whichever occurs first. . 


Input pulse VIH=2.2V 
ViL=0.8V 
tr=tf=20ns 


Reference level = 1.5V 
LOAD =2TTL,. CL=100pF - 
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Alternative Designation 2111A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


TIMING DIAGRAM 


Read Cycle Write Cycle 


tc(RD) 


49, 


NINOTE SINAN 


KURU UKY 

OX Ay) AKATKXVIAXR VARY 

BY DAY AMY Csi nore RN 
AX XY YA) 


XY ARVA0'O¥, ee pm YX YV/ RX) 
os: Hor ARN AY To 
AXYVAX' 


NONE 
x) 

Ay’ (NOTE 3) 
A \) x {Y\\ f\ 


al 


(\ 


XX 


\\) 
KY\AX\ \AN(NOTE 3) 
| DO Ay 


CS2 \) 
. (x 
BO NN SSR INOTE oy 
XSAN KX XS (NOTE 3)> 
OD (NOTE 3) OSM f DS | tdv (AD) 
XXX OX WX KX ODN BORO MX KOK? 
ee OD (NOTE 5) 


tpxz 


| t su(op) tsu(pa) 
1/0 pata our \Q\(NOTE 4) 
(OUTPUT MODE) VALID f!/ 
1/0 DATA IN 
STABLE 


(INPUT MODE) 


R/W 


WX) 


> “a 
re > bs 
ae 


as 


DATA IN 


CAN CHANGE 


tsu(ap) 
Note 3 : Hatching indicates the state is unknown. 


4 : Indicates that during this period the data out is invalid for this definition of tdv (AD) and is in the floating state for this definition of tPxz . 


5 : The input signals from the external circuits should not be applied to the I/O terminals, for during this period they are in output mode. 


POWER-DOWN OPERATION (OPTIONAL) These characteristics are guaranted only under custom specifications. 
Electrical Characteristics (Ta=0~70°C | unless otherwise noted) | 


= 2.2V =Vcc(pp)=Vcc Pee fh 
Vi(cesi) Power- down chip select input voltage 
14.5V SVco(pp)S2.2vV Veo(pp)| | 


Test conditions 


loc(Pp2) Power- down supply current from Vog Voc=2.0V, all inputs =2.0V 


Timing Requirements (Ta=0~70°c, Voc =5V +5% . unless otherwise noted) 


Timing Diagram 


Vcc 


4.75V 4.75V 


tsu(Pp) 
CS 


Vcc(PD) 
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Alternative Designation 2111A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


Timing Diagram 


Vcc 


CS 


| Voc(Pp) 
TYPICAL CHARACTERISTICS 


ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


LOAD=2TTL 


ADDRESS ACCESS TIME ta(apd)(ns) 
ADDRESS ACCESS TIME ta(apb)(ns) 


AMBIENT TEMPERATURE Ta (°C ) LOAD CAPACITANCE CL(pF ) 
LOW-LEVEL OUTPUT CURRENT VS. SUPPLY CURRENT FROM Vcc 
LOW-LEVEL OUTPUT VOLTAGE VS. SUPPLY VOLTAGE Vcc 


LOW-LEVEL OUTPUT CURRENT Io. (mA) 


SUPPLY CURRENT FROM Vcc Icc (mA) 


0 0.2 0.4 0.6 0.8 1.0 
LOW-LEVEL OUTPUT VOLTAGE VoL (V) SUPPLY VOLTAGE Vcc (V) 
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Alternative Designation 2112A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


DESCRIPTION 
The M58723P and M587235S are 256-word by 4-bit static 
RAMs fabricated with the N-channel silicon-gate MOS 
process and designed for simple interfacing. They operate 
from a single 5V supply, as does TTL, and are directly TTL- 
compatible. 
The input and output terminals are common. 

FEATURES 

@ Fast access time: 

@ Low power dissipation: 


PIN CONFIGURATION (TOP VIEW) 


6} Vcc (5V) 


450ns (max 
( ADDRESS INPUT 


150uW/bit (typ) 
READ/WRITE INPUT 
@ Single 5V supply voltage 


@ Data holding at 1.5V supply voltage (optional) 


ADDRESS INPUTS CHIP SELECT INPUT 


decLEsw 


@ Requires no clocks or refreshing 
@ All inputs and outputs are directly TT L-compatible 
@ All outputs are three-state, with OR-tie capability 


DATA 
INPUTS/OUTPUTS 


@ Simple memory expansion by chip select input (0V) GND 


@ Common data inputs and outputs 
@ Interchangeable with Intel’s 2112A-4 in pin configuration 
and electrical characteristics. 


APPLICATION 
@ Small-capacity memory units Output 16P1 (M58723P) 
FUNCTION 16S1 (M58723S) 


The M58723P and M58723S have 256-word by 4-bit organ- 


ization and provide common data input and output termi- 
nals. During a write cycle, when a location is designated by 
address signals Ayg~A,7 and signal R/W goes low, the data 
of the I/O signal at that time is written. 

During a read cycle, when a location is designated by 
address signal Ag~A, and R/W goes high, data of the 


state, disabling both reading and writing. In this case the 
output is in the floating (high-impedance) state, useful for 
OR-ties with other output terminals. 

The memory data can be held at a supply voltage of 
1.5V, enabling battery back-up operation during power 
failure and power-down operation in the standby mode. 


designated address is taken from the I/O terminals. 
When signal CS is high, the chip is in the non-selectable 


BLOCK DIAGRAM 


256-WORD x 4-BIT 
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(32 ROWS x 
32 COLUMNS) 
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\/ 170 CONTROL 170 CONTROL 
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ADDRESS 
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04)--—-(9 Kio M12) 
R/wW 1t/O1 1/03 
READ/WRITE INPUT 1/02 1/04 


DATA INPUTS/OUTPUTS 
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Alternative Designation 2112A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


Input voltage With respect to GND 


a M58723P 
Maximum power dissipation Ta=25°C 
M58723S 


Operating free-air ambient temperature 
M58723P 
Storage temperature 


M58723S 


Symbol Parameter 
4 


High-level input voltage 


Limits 


High-level input voltage 
Low-level input voltage iS sal 
[Vou | towievl ouputvotege —SSSSC*~C~idiC SN SMASSSSSCSC~“~*‘“*rSCSC*d 
Pf ioutewent —SSC~C“~*“*~drC BBY SCSC~“~*‘“SCSC*S 
loan | Ofrsate nahreve ouput curent—~SSCS*SC~S*dC GSR BV. oP. AV Veo 
[oz | Ofsatelowievel ouptcurent———SS—*d; Cus) 22V,o=OAV 
ic ene 
! anes 
oer 


Supply current from Voc V\=5.25V (all inputs), output open 
Input capacitance , all inputs Vi=GND, f=1MHz, 25mVrms 


Note : Current flowing into an IC is positive; out is negative. 


TIMING REQUIREMENTS (Ta=0~70°C, Veoco=5V+5%, unless otherwise noted) 
Write Cycle 1 
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Alternative Designation 2112A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM-ACCESS MEMORY 


Write Cycle 2 


Address setup time with respect to write pulse Vipn=2.2V 
Write pulse width Vi =0.8V 


Write recovery time tr=tf=20ns 
tsu(DA)2 Data setup time Reference level=1.5V 


Output disable time with respect to write pulse 


tdv(AD) Data valid time with respect to address Load =2TTL, CL =100pF 


TIMING DIAGRAMS tc (RD) 
Read Cycle 


Ao A7 


1/0 
(OUTPUT MODE) 


Note 1: In this period, the data out fs valid for a definition of tdyv (AD) and is in the floating state for a definition of tPxz(CS) 


Write Cycle 1 Write Cycle 2 


tc(WR)1 to (WR)2 


Ag~ Az 


cs ae 
cs 
R/W R/W 
Tsu (AD)4 
YVVYVVYVVVVVY ¥ 
(2, LE yo 
(INPUT MODE) XXXXYY AA RAY (INPUT MODE) 


Note 2 : The input signals from the external circuits should not be applied to the |/O terminals (keeping them three-state) for during this period the |/O terminals are in the 
output mode. 
3.: The input signals from the external circuits can be applied to the I/O terminals since the signal CS is delayed in relation to signal R/W. 
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Alternative Designation 2112A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM- ACCESS MEMORY 


POWER-DOWN OPERATION (OPTIONAL) These characteristics are guaranted only under custom specifications. 
Electrical Characteristics (Ta=0~70°C. unless otherwise noted) 


Symbol Parameter Test conditions 


2.2VSV SV 
Estee. Il sbenetasun a nedectusnvenace ac a 
1.5V SVco(Pp)S2.2V Voce] | 
lcc(PpD1) Power- down supply current from V cc Voc=1.5V, all inputs = 4.5 Ff 4s 30 | 
!cc(PD2) Power-down supply current from Voo Voc=2.0V, all inputs =2.0V | ft 20 | ao 


Sie 
2a | 


Timing Requirements (Ta=0~70°C, Vcoc=5V +5%, unless otherwise noted) 


Power-down setup time 
tR(PD) Power-down recovery time 


Parameter 


Timing Diagram 


Vcc 


Vcc(PD) 
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Alternative Designation 2112A 


1024-BIT (256-WORD BY 4-BIT) STATIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS 


ADDRESS ACCESS TIME VS. ADDRESS ACCESS TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


Voc=4.75V 
LOAD = 2TTL 


Vcoc=4.75V 
LOAD = 2TTL 
C.=100pF 


ADDRESS ACCESS TIME ta(apb) (ns) 
ADDRESS ACCESS TIME ta(Abd) (ns) 


AMBIENT TEMPERATURE Ta(°C) LOAD CAPACITANCE C_(pF ) 
LOW-LEVEL OUTPUT CURRENT VS. HIGH-LEVEL OUTPUT CURRENT VS. 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
| Voo=4.75V Ss 


LOW-LEVEL OUTPUT CURRENT lo. (mA) 


HIGH-LEVEL OUTPUT CURRENT lon (mA) 


0 0.2 0.4 0.6 0.8 1.0 
LOW-LEVEL OUTPUT VOLTAGE Voy. (V) HIGH-LEVEL OUTPUT VOLTAGE Von (V) 
SUPPLY CURRENT FROM Vcc VS. SUPPLY CURRENT FROM Vcc VS. 
SUPPLY VOLTAGE Vcc AMBIENT TEMPERATURE 


50 


40 


30 


20 


SUPPLY CURRENT FROM Voc !cc (mA) 
SUPPLY CURRENT FROM Voc !cc (mA) 


SUPPLY VOLTAGE Vgg (V) AMBIENT TEMPERATURE Ta (°C) 
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Alternative Designation 2104 


4096-BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM- ACCESS MEMORY 


DESCRIPTION 

The M58756S and M58756K are 4096-word by 1-bit 
dynamic RAMs, fabricated with the N-channel silicon-gate 
MOS process. As it is composed of a dynamic circuit, it 
requires refreshing every 2ms. 


FEATURES 


@ Fast access time: 300ns (max) 
425ns (min) 
2ms (max) 
3uW/bit (typ) 
130uW/bit (typ) 


@ All inputs are directly TTL-compatible 


@ Fast read cycle time: 

@ Refresh interval: 

@ Low standby power dissipation: 
@ Low operating power dissipation: 


@ All outputs are three-state and directly TTL-compatible; 
data can be latched, effective until the next cycle 

@ Easy memory expansion by chip select signal (CS) 

@ Interchangeable with Intel’s 2104 in pin configuration 
and electrical characteristics 


APPLICATION 
@ Main, memory systems for computers 


FUNCTION 

Being dynamic RAMs, the M58756S and M58756K must be 
refreshed every 2ms to hold data stored in the memory cells. 
Refresh must be performed by reading sequentially the 64 
locations designated by the 6 address signals Ap~A; and 
clock signal RAS. 

The output terminals of the M58756S and M58756K are 
kept in the floating (high-impedance) state by clock signal 
CAS, after which the data is read out from the output 
terminal during a read cycle. 
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4096-WORD x 1-BIT 


64 ROWS x 
64 COLUMNS 


PIN CONFIGURATION (TOP VIEW) 


($V) 
DATA INPUT 


READ/WRITE 
INPUT 


ROW ADDRESS 
STROBE INPUT 


16} Vss (OV) 


—— COLUMN ADDRESS 
NS}¢-CAS ~ stroge INPUT 


14]-»Doyt DATA OUTPUT 
CHIP SELECT INPUT 


ADDRESS INPUTS ADDRESS INPUTS 


(12V) Voo 9] Voc (5V) 


Outline 16K1 (M58756K) 
16S1 (M58756S) 


SUMMARY OF OPERATIONS 


ut 
me —— Output 7 Refresh | Operations 
RAS| cas | cs | A/W | 
a (Valid data)—Open— High-level 
A A Pe (Valid data)—Open—(Valid sa) an | read ot 


an 


' Standby 
DC } DC |{Valid data)—-Open—Open Can't 
5: Be (Valid data)—(Valid data) Can't | Standby 
—(Valid data) 


* Previous cycle—between cycles—actual cycle 


A .. Operating states |: Nonoperating DC: Don't care | 


COLUMN 
aaa ADDRESS 
eee STROBE INPUT 


READ/WRITE 
INPUT 
DATA INPUT 


DATA OUTPUT 
OUTPUT 


LATCH 
RAM (12V) 


TIMING (SV) 


GENERATOR 2 


. (OV) 


(—5V) 


RAS 
ROW ADDRESS STROBE INPUT 
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MS8756K, MS8756S_ 


Alternative Designation 2104 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


ABSOLUTE MAXIMUM RATINGS ~ 


Supply voltage 
Vss 
VI 


a 
pws meu votage 
Operating free-air ambient temperature Re eee ee ee el 

ee Sic 


With respect to VBB 


Limits 


Parameter 


Supply voltage 


Leo | 10.8 | 
Supply voltage 


Voo 
[vss | SupprvoteceSCSC~‘“~idCSC* 
| vin | 


Supply voltage 
VIH High-level input voltage 
Low-level input voltage | — 1.0 | 


eas 
eae 
an 


ELECTRICAL CHARACTERISTICS (Ta =0~ 70°c, Voo=12V £ 10%, Voc=5V 410%, Vss=OV, Vee=—5V + 10%. unless otherwise 


noted) 


Limits 
T 


' Test conditions 
Min 


x< 
xe) 


Vit ee ee re 


VOH 


> 


3 
>| > 


56 


3 
Pi> 


xo) 


z 3 RYR 


ke} 
7 


Vi=Vss, VBB=—-5V 
=1MHz, Vj =25m Vrms 


TB IO OO 1S 
nainin|n 


a a rs 
eee RS i ae 
ere ee cae! 
ae ie ee 
ane sa EE 
aoe ae 
a ae ee 
a ee ee 
eee eR ee 
eae alias CR 
ae eee Se 
ean ee (ee 
ae aaa 
eee es 
i ee 


Vo=Vss, Vap= —5V, f=1MHz, Vi =25mVrms 


TT 
mn 


Note 1: Current flowing into an IC is positive; out is negative. 
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M58756K, MS8756S 


Alternative Designation 2104 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM -ACCESS MEMORY 


TIMING REQUIREMENTS (For Read, Write or Read-Modify-Write Cycle) 


(Ta=O0~70°C, Voo=12V+10%, Voc=5V+10%, Vss=0V, VBB=—5V+10%. unless otherwise noted) 


Parameter Conditions 
ee ee ee Tyo | Max 


Refresh cycle time 


tsu(pRa-RAs) Row address setup time with respect to RAS 


|tsu(oa-caS) | Column address setup time with respect to CAS re ee Ses 
tsu(@S-CAS) es 


Chip select setup time with respect to CAS 
th(Ras-Ra) Row address hold time with respect to RAS 


th (Gas-Cs) Chip select hold time with respect to CAS 
CAS setup time with respect to RAS 


tpxz Output invalid time from CAS be 20 


SWITCHING CHARACTERISTICS (Ta=0~70°C, Vpp=12Vv £10%, Vac 5V 410%, Vss=OV, Veap=—5V £10% . unless otherwise noted) 
Read Cycle 


Parameter Test conditions 


in 
425 


AS-RAS) 


Read hold time with respect to CAS 


Read setup time with respect to CAS 


CAS hold time with respect to RAS 
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Alternative Designation 2104. 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM- ACCESS MEMORY 


Read-Modify-Write Cycle 


ic(RMW) Read- ee write cycle time 


TIMING DIAGRAMS 


- 


t 
Read Cycle oO} 
ea, i 
RAS ion ee 
Vit eee 


mie’ RASH) 


ViH 
CAS 
t su(RA-RAS) ; tsu(CAS-RAS) 
mt @ ROW ECOL 
Aare. ete =e 
a hl th(GAS-RD) 
ViL @ a tsu(RD-CAS) 
th (CAS-CS) 


VIH 


os ae ie ae 
© 


DouT OPEN rev 4 OUTPUT DATA 
me a” 


ta (CAS) 


Write Cycle ith 
Vin: : S| CAS) 
RAS 
Too —  teccme | 
VIH 
CAS 
Vie = a. t 
Vin tsu(RA-RAS) su (CAS-RAS) 


ER 
a ROW 5 Ze COLIN 
Ao~As Ge @ ADDRESS eae —— 


via ViH tau WR) 
R Bane a! 
VIL 
ee} —— 
V 
5 oe aie eT 
is Gives (Re DATA 
th (CAS-DA) 
__ VIH 
CS 
VIL 


es = th (GAS-CS) 


as. 


Btn ae ———} 
VoL 
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MS8756K , MS8756S 


Alternative Designation 2104 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


Read-Modify-Write Cycle 


to(RMW) 


t w(RASL) tw (RASH) 


Vin tsu(wR-RAS) 
RAS 

VIL 

> t su(GAS-AAS) 
Tw(CASL) 

ViH 
CAS 

VIH = p= 
we > 

VIL 1 

VIH 
R/W 

VIL 

th (CAS-CS) 

VIH 
oS ne 

Vit 


-—+{ t MoD 


VOH -_ - ; —y, 

eS 

aed | iW ue 
VOL 


ta (RAS) th(wr-DA) 
Pic. t su(DA-wRr) 
4 @) INPUT > 
DIN @ DATA 
VIL 


tc(RD) 
t w(RASL) 
ax ae 
RAS 
VIL 
VIH 
CAS th (RAS-RA) 
Vib a 
t su(RA-RAS) 
VIH 
ROW 
VIL @) ADDRESS 
VOH 
DouT OPEN 
VOL 


Note 3 : Reference level for , @ and @ is 2.4V. 
4 : Reference level for @is 0.6V. 
5 : Reference level for G)is 0.4V. 
6 : Both rise time tr and fall time t ¢ should be less than 10ns. 
7 : ta(RAS)max.=td(RAS-CAS)min. +t T+t a(CAS)max. when td(RAS-GAS) >t d (AAS-GAS) min, 
t a(RAS) increases by the amount of increase of td (RAS-GAS) 
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Alternative Designation 2104 


4096 -BIT (4096-WORD BY 1-BIT) DYNAMIC RANDOM-ACCESS MEMORY 


TYPICAL CHARACTERISTICS ACCESS TIME FROM GAS VS. 
Vop VS.VBB OPERATING REGION SUPPLY VOLTAGE Vpp 
0 


ey MAXIMUM RATING 
iN 


i 


SUPPLY VOLTAGE Vpp (Vv) 


ACCESS TIME FROM GAS ta(CAS) (ns) 


SUPPLY VOLTAGE Vep (V) SUPPLY VOLTAGE Vpp (V) 
AVERGE SUPPLY CURRENT FROM Vpp SUPPLY CURRENT FROM Vpp 
VS. SUPPLY VOLTAGE Vpp VS. TIME 


FROM Vpp lpp( av) (mA) 


SUPPLY CURRENT 


TIME t(ns) 


AVERAGE SUPPLY CURRENT FROM Vop Ipp( av) (mA) 


SUPPLY VOLTAGE Vpp (Vv) 
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READ-ONLY MEMORIES 


MITSUBISHI LSis : 


DEVELOPMENT OF CUSTOM MASK ROMs 


DESCRIPTION 


Mitsubishi can provide the following mask ROMs made to a 
customer’s specifications. 
M58730-XXXS . 1024-word by 8-bit mask ROM 
M58731-XXXS 2048-word by 8-bit mask ROM 
M58609-XXS Keyboard encoder 
M58620-XXXS Keyboard encoder 
An automatic mask design program has been developed 
to assure production of mask ROMs without errors, rapidly, 
in accordance with the specifications of the customer. On 
the basis of data supplied by the customer, the program 
automatically generates the following: 
1. The plotter instructions for automatic mask production. 
2. A check list for verifying that the customer's specifica- 
tions have been met. 
3. A test program to assure that the production ROMs 
meet specifications. 


1. M58730-XXXS and M58731-XXXS Mask ROMs 
The object program for mask encoding can be in MELPS 8 
binary, hexadecimal or BNPF form. The object program 
format is the same as the produced by a MELPS 8 cross 
assembler or a PL/I cross compiler. The standard medium 
used for transmitting an object program is paper tape; how- 
ever, Magnetic tape may also be used. 


2. M58609-XXS and M58620-XXXS Keyboard 
Encoders 
Submit the character codes, corresponding to each key, on 


the coding sheet in octal form. — 


MASK ROM AUTOMATIC DESIGN PROGRAM 


CODING SHEET 


@ BINARY FORMAT OR 
OBJECT PROGRAM © BNPF FORMAT DATA OF OTHER FORMAT 
@ HEXADECIMAL 
FORMAT FORMAT 
CONVERSION 
PROGRAM 


a 


CHIP PARTITION 
PROGRAM 


MASK DRAFTING COMMAND TEST PROGRAM 


MASK AUTO. i 


MACHINE 


MASK MANU- 
FACTURING 
ROM MANU- 

FACTURING 
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MS8730-XXXS 


Alternative Designation 8308 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


DESCRIPTION 


The M58730-XXXS is an 8192-bit static MOS mask-pro- 
grammable read-only memory organized as 1024 words of 8 
bits. It is fabricated using N-channel silicon-gate MOS 
technology, and is designed for fixed-memory applications 
such as program storage with an M58710S 8-bit paralle! CPU. 
The inputs and outputs are TTL-compatible. Programming 


PIN CONFIGURATION (TOP VIEW) 


23}<— Ag 
is performed by Mitsubishi in accordance with the custom- avers REE ESS NES 
er’s specifications by changing a single mask during the 
: ADDRESS INPUTS = ‘0G 
manufacturing cycle. 00 20}¢- CS1 CHIP SELECT 1 
The XXX in the type code stands for a 3-digit decimal 3 M9} Vop (12V) 

number which is assigned by Mitsubishi to identify the S W8}<— CS2 CHIP SELECT 2 

bo, cca : >< 
customer’s specifications to which the ROM has been on 
programmed. DATA OUTPUTS { Bo <-[10 DATA OUTPUTS 

B3<[11 

FEATURES (0V)Vss 


@ Fast access time: 850ns (max.) 

® Two chip select inputs (CS,, CS,) for easy memory 
expansion 

Three-state output; OR-tie capability 

Inputs and outputs are TTL-compatible. Outline 24S1 
Input protection circuits for all inputs 
Pins compatible with Intel’s 8308 


APPLICATION 


to data outputs B,~Bs. Chip select 1 (CS,) and chip 
@ Microcomputer memories 


select 2 (CS,) are used to connect two or more M58730- 
FUNCTION XXXS ROMs. When CS, is high or CS, is low, all outputs 
Address inputs Ayg~Ag are decoded to select one of the are disabled and will assume a floating (high-impedance) 
1024 words, and the contents of that address are read out _ states. 


BLOCK 
DIAGRAM 


1024-WORD BY 8-BIT 
MASK PROGRAMMABLE 
ROM 
(16 ROWS xX 
64 COLUMNS x 
8 ARRAYS) 


ADDRESS INPUTS DATA OUTPUTS 


INPUT DRIVER CIRCUIT 
ADDRESS DECODER 
OUTPUT BUFFER CIRCUIT 


(12v) Vop (19) 
(5V) Voc (24) 
(OV) Vss (42) SELECT 
(—-5V) VeB (21) © 
(20) (18) 


CHIP SELECT 1 CS} CS2 CHIP SELECT 2 
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Alternative Designation 8308 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


ABSOLUTE MAXIMUM RATINGS 


: 
=70 


7 


Operating free-air temperature 
i ee ee 


Suenos ——SOSCSC~CS~i te 


Limits 
Parameter Test conditions | timits Unit 
ee re ee Typ Max 


VOH High-level output voltage lOH= — 100A Voc —1 Ae 22a 
Low-level output voltage loL=1.9mA a ae 
102 


oO 
> 
on 
- 


Pn | puter SSS *d;SC =~ 
Vo=0V~Vcc (6S; and CS2 are in a 


‘Off-state output current i ce 
floating condition. see Timing Diagram). 


[60 | Veowppvenet ——OSCSC—“~—“*~S*“‘“RSC*C“(RSNNNNSNCOC‘#(#‘“#“ 
[106 | Veosseny curent———SSSSCS~SC een 
Ta=25C, Vi =0V, MHz, 25mVrms 


Cj Input capacitance 
Vpp=Vcc=Vss=O0V_ (Note 2) 
Ta=25°C, Vi =0V, IMHz, 25mVrms 
Co Output capacitance 
Vop=Vcc=Vss=0V_ (Note 2) 


Note 1: The current flowing into an IC is positive: out is negative. The maximum and minimum are defined by absolute values. 


+ 
o |: 


2 : All terminals other than the test terminal are connected to VV ss during measurement of input and output capacitance. 
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Alternative Designation 8308 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


SWITCHING CHARACTERISTICS (Ta=0~70°C, Vopo=12V+5%, Voc=5V +5%, Vss=OV, VeB=—5V+5% | unless otherwise noted). 


Parameter Test conditions 


Access time 


Chip select access time 


ta(cS2) Chip select Access time 
tdv(CS1) Data valid time with respect to Csi 
tdv(CS2) Data valid time with respect to CS2 


Note 3 : Load circuit diagram: 


Voc 
Ri 
M58730—XXXS 
OUTPUT 
(Bi~Bs) 


TIMING DIAGRAM 


2.4V 
Ao~Ag ( 
0.8V 
2.4V 


‘ 0.8V 


Si 
CS2 ae 
tdv(CS2) Ta(CcS;) 


2.4V\\\ /A V5 ay 
ie Mo. [// xo, » xt 


Data output | Note 1: THE CENTER LINE INDICATES A FLOATING 
Bi~Bs (HIGH-IMPEDANCE) STATE 
2 


: H indicates high-level inputs; L indicates low-level inputs. 
: Z indicates floating (off) state 
: O indicates that outputs are enabled. 
: Rise time tr S 20ns, 
Fall time t¢ S 20ns. 


ao -f W NH 
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M58730-XXXS 


Alternative Designation 8308 


ORDERING INFORMATION 


This information covers the M58730-XXXS ROM and the 

object program required for the automatic mask design pro- 

gram. An automatic mask design program has been developed 

that accepts a customer’s specifications and then automati- 

cally generates the following: 

1. The plotter instructions for automatic mask production. 

2. A check list for verifying that the customer's specifica- 
tions have been met. 

3. A test program to assure that the production ROMs 
meet specifications. | 


The object program for the automatic mask design pro- 
gram may be supplied in MELPS 8 binary, hexadecimal or 
BNPF form. The format of the data is the same as the output 
from a MELPS 8 cross assembler or a PL/I cross compiler. 
It accepts either standard punched paper tape or magnetic 
tape as the input medium. 

A separate tape should be produced for each object 
program. The tape along with a printout of the truth table, 
for confirmation, should accompany each order. 


MASK ROM DEVELOPMENT FLOW CHART 


CUSTOMER 


CONFIRMATION 
SHEET 


OBJECT 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


. Object Program Format 


Object program addresses are absolute. 

The data can be in either MELPS 8 binary, hexadecimal 
or BNPF form. | 

The output tape from a MELPS 8 cross assembler, or 
PL/Iu cross compiler can be used. 

The hexadecimal and BNPF formats are Intel-compatible. 
The character code can be ASCII or ISO, with or with- 
Out parity. 


. Object Program Medium 


Paper tape: 8-level, 25.4mm (1 inch) wide 
Magnetic tape: 9-track, 800 BPI, odd parity 


. Items for Confirmation 


The format of the object program 

Type number of the M58730-XXXS (including the 
3-digit number represented by XXX) | 
A truth table printout of memory state 


Note : Details for preparation of the object program tape and confirmation material are 


given in § 4 following. 


MITSUBISHI ELECTRIC 


ERROR ? 


GENERATION 


CHECK LIST 
(CODE TABLE) 
| 
NO 
ERROR ? 


TES 


YES 
oe a> 


MASK DRAFTING DATA 


ORDER TO MAKE MASK 


MASK ROM 
AUTOMATIC 
DESIGN PROGRAM 


UT 


MASK DRAFTING 
TEST DATA 


ROM TEST PROGRAM 


LARGE TESTER 


MASK 


MANUFACTURING 


PROCESS 
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MS8730-XXXS 


Alternative Designation 8308 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


4. Object Program Preparation and Format 
1. MELPS 8 Binary 


Example of MELPS 8 binary paper tape 


eVe 00 00800 00 Oo 

0 000000000000000000 00000 
Oo 90 00 0 

Qo. 0900 000 000 000 
00 00 0000 0 00 ie) 


tote) 
° 
ie) 


Leia PART 


SECTION 
INSTRUCTION CODE CODE 


B7 Be Bs Ba B3 Bz B1 Bo 


TEXT DISCRIMINATION 1444 4 *¢~O0 


CODE 
INSTRUCTION CODE 


B7 Be Bs Ba B3 Bz B: Bo 
0010o00010 


@ A separate tape should be prepared for each object 


program. Two copies of the tape should be supplied. 
The final part code should be inserted at the end of each 
tape. 

The first address of the ROM should be indicated. 

The region outside the range from the first address to 
the first address + 1024 is ignored. 

The ROM addresses may be non-sequential in the 
object program. 

The unused area within a chip will be filled with ‘1’s. If 
‘1’s are not suitable, appropriate digits should be 
indicated. 

It should be indicated whether the area to be pro- 
grammed is the ROM only, the RAM only, or both. 

All parts except the text and final part are ignored. 
The levels of bit code ‘1’ and ‘0’ should be specified as 
low or high. 

At least 50 frames of sprocket holes should be punched 


The unused area within a chip should be filled with 
appropriate codes. 

When less than 1024 bytes are used, the unused area 
should be filled with appropriate codes, or a ‘$’ charac- 
ter may be inserted at the end of the used area. In the 
latter case, the remaining area is filled with ‘L’s. 
Comments, not containing any ‘B’ or ‘$’ characters, may 
be inserted between the ‘F’ and ‘B’. 

The character code is ASCII or ISO, with or without 
parity. 

The address is incremented in sequence by the data 
string. 

The magnitude of the bits between the ‘B’ and ‘F’ is 
defined as from high order to low order. 

At least 50 frames of sprocket holes should be punched 
at the start and the end of the tape. 

The levels of ‘P’ and ‘N’ should be specified as either low 
or high. 


3. Hexadecimal 


Example of hexadecimal paper tape 


ce) fete) 


0000000000000 
0000000000000 


00000000 _ 90 90000 
° 000 


° foXe) 
Oo OO 


L INSTRUCTION CODE 


B7 Be Bs Ba Bs B2 Bi Bo 
114 1 0 
(sy 


1 
INSTRUCTION CODE 
B7 Bs Bs Ba B3 B2 Bi Bo F E 


001000i%1 0 
2 2 
‘FIRST ADDRESS | 


DATA LENGTH 
“> CHARACTER 


at the start and the end of the tape. ¢ This format is Intel-compatible. 
2. BNPF @ A separate tape should be prepared for each object 
| program. Two copies of the tape should be supplied. 
Example of BNPF paper tape @ A record of data length zero is considered the end of 
one chip’s data. 
voooaanagg006 00, 80098. 9 900, 9000 @ The first address of the ROM should be indicated. 
@. 308 @ The region outside the range from the first address to 
088 883 38 ° the first address + 1024 is ignored. 
Ti @ The ROM addresses may be non-sequential in the object 
PIN oh 
eo @ The unused area within a chip will be filled with ‘O's. 
If ‘O’s are not suitable, appropriate digits should be 
COMMENTS MAY BE ‘acicated. 
D ; 
INSTRUCTION CODE a @ The character code is ASCII or ISO code with or with- 
B7 Be Bs Ba B3 Bz B: Bo : 
00100010 out parity. 
@ The levels of bit codes ‘1’ and ‘0’ should be specified as 
@ This format is Intel-compatible. either low or high. 
@ A separate tape should be prepared for each object @ At least 50 frames of sprocket holes should be punched 
program. Two copies of the tape should be supplied. at the start and the end of the tape. 
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M58730-001S 


8192-BIT (1024-WORD BY 8-BIT) MASK-PROGRAMMED ROM 
SUBROUTINE 1 INTEGER ARITHMETIC OPERATIONS 


DESCRIPTION 
@e The M58730-001S is an M58730-XXXS that has been 
developed for use with an M58710S CPU. 


@ It includes 18 subroutines for an M58710S 8-bit parallel 
CPU. 

@ It can perform integer arithmetic operations, logical 
operations and shift operations with 16-bit or 32-bit 
data. 


UNIT OF INFORMATION 

The basic unit of an M58710S is 8 bits, but with subrou- 
tines it has two operand lengths. 

@ Single word length: 

An operand consisting of 2 bytes (16 bits). In binary form 
it is capable of expressing numbers from —2!° to 2!5 —-1. 

@ Double word length: | 

An operand consisting of 4 bytes (32 bits). In decimal 
form it is equivalent to 7 decimal digits. In binary form it 
is capable of expressing numbers from —23! to 23! —-1. 
NUMERICAL EXPRESSIONS 

1. Binary Numbers 

1. Single Word Length (2 Bytes) 

This binary number consists of 16 bits. Negative numbers 
are in 2’s complement form. It is capable of expressing 
numbers from —2!° to 2!* —1, 


SIGN 
O : POSITIVE, 1: NEGATIVE ae BINARY POINT 


ADDRESS M 


ADDRESS M 114 t 14°00 
ADDRESS M+1{ 1] 1 4 4 4 1 1 


ADDRESS M + 1 


eg. : -4 


2. Double Word Length (4 bytes) 

This binary number consists of 32 bits. Negative numbers 
are in 2’s complement form. It is capable of expressing 
numbers from —2°! to 27! —1. 


SIGN 
0 : POSITIVE, 1: NEGATIVE 


DECIMAL POINT = oh 


ADDRESS M+3 ADDRESS M+2 ADDRESS M+1 ADDRESS M 


ADDRESS M 
ADDRESS M + 1 


e.g. : +65540 


2. Double Word Length Decimal Numbers 

This decimal number consists of 32 bits. The numerical por- 
tion is seven digits and the sign is the most significant digit. 
It has a range-of -10” +1 to 107 —1. 


SIGN 


O16: POSITIVE, Fig : NEGATIVE DECIMAL POINT 


ADDRESS M 

ADDRESS M + 1 
ADDRESS M + 2 
ADDRESS M+3 


SUBROUTINE REFERENCE 


(USER’S PROGRAM) 
TVTB EQU 24576 
STAC EQU TVTBT3 
LDDL EQU TVTBT+6 


(TRANSFER VECTOR) (SUBROUTINE) 


TVTB 
TVTB+3 


TVTB+6 
JM 
lo TVTB+9 peeeee 


JMP LDAC 


IMP_STAC| 


CALL STAC @ 
DADR DATI 


Note : The processing order.is ©, @, @, @, ©. A transfer vector is used to set the 
entry address of each subroutine. 


SUBROUTINE FUNCTIONS 

@ Load pseudo accumulator 

The pseudo accumulator is loaded with the specified single 
word (2 bytes) or double word (4 bytes) data. 

@ Store pseudo accumulator 

The contents of the pseudo accumulator, single word 
(2 bytes) or double word (4 bytes) data, is stored in the 
address location specified. 

@ Shift pseudo accumulator 

The contents of the pseudo accumulator, 32 bits (2 words) 
of data, are shifted right or left n positions. 

@ Arithmetic right shift of pseudo accumulator 

The contents of the pseudo accumulator, 32 bits (2 words) 
of data, are arithmetically shifted right n positions. 

@ Logical operations 

The specified single word (2 bytes) data is logically 
inclusive ORed, ANDed or exclusive ORed to the contents 
of the pseudo accumulator, and the result retained in the 
pseudo accumulator. 

@ Binary integer add or subtract 

The specified single word (2 bytes) or double word (4 
bytes) binary data is binarily added to or subtracted from 
the contents of the pseudo accumulator, and the result is 
retained in the pseudo accumulator. 

® Decimal integer add or subtract 

The specified double word (4 bytes) decimal data is 
decimally added to or subtracted from the contents of the 
pseudo accumulator, and the result is retained in the 
pseudo accumulator. 

@ Binary integer multiply 

The single word (2 bytes) data in the pseudo accumulator 
is multiplied by a specified single word (2 bytes) data, and 
the result is retained in the pseudo accumulator. 

@ Binary integer divide . 

The double word (4 bytes) data in the pseudo accumulator 
is divided by a specified single word (2 bytes) data, and the 
result is retained in the pseudo accumulator. 

RESERVED MEMORY LOCATIONS 

Memory locations 6000;, to 63FF 1. are reserved by ROM. 
In addition, a 50-byte RAM region, locations 3FCE;. to 
3FFF,6, is reserved for executing the ROM programs. 
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Alternative Designation 8316A 


16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


DESCRIPTION 


The M58731-XXXP, S are 16,384-bit parallel output, static 
read-only memories organized as 2048 words of 8 bits. 
They are fabricated using N-channel silicon-gate ED-MOS 
technology. They have a single supply voltage. The inputs 
and outputs interface with TTL circuits without additional 
circuits. The M58731-XXXP, S are designed for high-density 
fixed-memory applications such as program storage for an 
M58710S 8-bit parallel CPU. Programming is performed by 
Mitsubishi in accordance with the customer's specifications 
by changing a single mask during the manufacturing cycle. 


FEATURES 
@ 2048-word by 8-bit organization 


@ Single 5V power supply 

@ Low power dissipation: 31.4uW/bit (max.) 

@ Read access time: 850ns (max.) 

@ Three programmable chip select inputs (CS,, CS, 
CS;3) for easy memory expansion 


@ Three-state output for OR-ties 

@ All inputs and outputs are TTL-compatible 

@ Input protection circuits at all inputs 

@ Electrical characteristics and pins are compatible with 
Intel’s 8316A. 

APPLICATION 


@ High-density microcomputer memories 


FUNCTION 

When any of the 2048 addresses are selected by positive- 
logic input signals (Ag~A;9), the contents of that address 
in the ROM are read out to the data outputs (B;~Bsg). Ao 
is the least-significant bit and A,9 is the most-significant bit 


BLOCK DIAGRAM 
Aio dy 
aoa 
Ag om 


ADDRESS 
INPUTS 


X DECODER 


ADDRESS INPUT BUFFER CIRCUIT 


CHIP SELECT 
INPUT BUFFER 
CIRCUIT 


CS4CS2CS3 
CHIP SELECT INPUTS 


———e 


| 2048-WORD BY 8-BIT 


|__| MASK-PROGRAMMABLE 
ROM 
(16 ROWS x 
128 COLUMNS x 
8 ARRAYS) 


PIN CONFIGURATION (TOP VIEW) 


Voc (5V) 
—>B, 
— Bo 
+ B3 
+ Ba 
—> Bs 
—+ Be 


ADDRESS INPUTS DATA OUTPUTS 


dXXX- bELssT 


16|-—> Bg 

5}¢—- CS4 CHIP SELECT 1 
M4]¢-CS2 CHIP SELECT 2 
M3]¢— CS3 CHIP SELECT 3 


Outline 24P1 (M58731-XXXP) 
2481 (M58731-XXXS) 


of the address. The three chip select inputs are program- 
mable during the masking process, and any combination of 
active high-level and active low-level may be used for chip 
selection. When a chip is selected, the contents of the ROM 
are read out; and under other conditions, the data outputs 
(B,;~Bsg) are in the floating (high-impedance) state. 

The XXX in the type code stands for a 3-digit decimal 
number which is assigned by Mitsubishi to identify the 
customer’s specifications to which the ROM has been 
programmed. 


(24) Voc (5V) 
(12) GND (ov) 


DATA OUTPUTS 


Y DECODER 
DATA OUTPUT BUFFER 


CHIP. SELECT 
PROGRAM- 


MABLE ROM 
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Alternative Designation 8316A 


16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


ABSOLUTE MAXIMUM RATINGS 


Cc 


’ Supply voltage 


Input voltage With respect to GND 


Vo Output voltage 


M58731-X X XP 
Power dissipation Ta=25°C 
M58731-XXXS 
M58731-XXXP 
Tstg Storage temperature range 
M58731-XXXS 


RECOMMENDED OPERATING CONDITIONS (Ta =0~70°c , unless otherwise noted) 


Parameter Unit 


weer] v_| 
7 


High-level input voltage 
Low-level input voltage 


High-level output voltage loH= — 100A 
Low-level output voltage loL=2.0mA 


Al inputs =8. 28V, output open 
OV except test terminal, 1MHz, 


Note 1: Current flowing into an IC is positive; out is negative. 
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Alternative Designation 8316A 


16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


SWITCHING CHARACTERISTICS (ta=0~70°c . Voo=5V+5%, unless otherwise noted) 


| } 
Symbol Parameter Test conditions Unit 


CL= 100pF 
ta(cs) Chip select access time ; RL=2.1kQ 
(Note 2) 


tdv(cs) Data valid time with respect to chip select 


TIMING DIAGRAM 


Note 2 : Load circuit diagram : 


Ao~Ato 1.5V RAL 
M58731-XXXS 
OUTPUT 


(Bi ~ Bs) CL 

a © : 
f2.0V \\\ [fe ? ov 
sea 0.8V » A= 


ta tdv(cs) _ta(cs) 
SK CENTER LINE INDICATES A FLOATING 
(HIGH-IMPEDANCE) STATE. 
Input pulse level 0.8~2.0V 
input pulse rise time tr (10% ~ 90%) 20ns 
Input pulse fall time tf (10% ~ 90%) 20ns 
Referance voltage at timing measurement 
Input 1.5V 
Output 0.8~2.0V 
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Alternative Designation 8316A 


16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


ORDERING INFORMATION 1. Object Program Format 


This information covers the M58731-XXXS ROM and the © Object program addresses are absolute. 
object program required for the automatic mask design pro- © The data can be in either MELPS 8 binary, hexadecimal 


gram. An automatic mask design program has been developed or BNPF form. 
that accepts a customer's specifications and then automati- @ The output tape from a MELPS 8 cross assembler, or 
cally generates the following: | PL/I cross compiler can be used. 


1. The plotter instructions for automatic mask production. @ The hexadecimal and BNPF formats are Intel-compatible. 
2. A check list for verifying that the customer's specifica- ® The character code can be ASCII or ISO, with or with- 


tions have been met. out parity. 
3. A test program to assure that the production ROMs 
meet specifications. 2. Object Program Medium 
@ Paper tape: 8-level, 25.4mm (1 inch) wide © 


The object program for the automatic mask design pro- @ Magnetic tape: 9-track, 800 BPI, odd parity 
gram may be supplied in MELPS 8 binary, hexadecimal or 
BNPF form. The format of the data is the same as the output 3. Items for Confirmation 
from a MELPS 8 cross assembler or a PL/I cross compiler. The format of the object program | | 
It accepts either standard punched paper tape or magnetic @® Type number of the M58731-XXXS (including the 
tape as the input medium. 3-digit number represented by XXX) 

A separate tape should be produced for each object @ The active logic level of the chip select CS,, CS, and CS3 
program. The tape along with a printout of the truth table, @ A truth table printout of memory state 
for confirmation, should accompany each order. 


Note : Details for preparation of the object program tape and confirmation material are 
given in § 4 following. 


| MASK ROM DEVELOPMENT FLOW CHART 


CONFIRMATION 
SHEET 


CUSTOMER MITSUBISHI ELECTRIC 


MASK ROM 
AUTOMATIC 


| Se MASK DRAFTING & 


TEST DATA 
MASK DRAFTING DATA ROM TEST PROGRAM 


CHECK LIST 
(CODE TABLE) 
NO | 
ae oe Ga LARGE TESTER 
<> CHECK | |MANUFACTURING-«— 
/ ‘PROCESS 


: ACCEPTANCE aay 
mask ROM Ko 


PROCESS 


| 
ORDER TO MAKE MASK 


GENERATION aes DESIGN PROGRAM 
NO 
NO 
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Alternative Designation 8316A 


16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMABLE ROM 


4. Object Program Preparation and Format 

1. MELPS 8 Binary @ The unused area within a chip should be filled with 
appropriate codes. 

@ When less than 2048 bytes are used, the unused area 
should be filled with appropriate codes, or a ‘$’ charac- 
ter may be inserted at the end of the used area. In the 
latter case, the remaining area is filled with ‘L’s. 

® Comments, not containing any ‘B’ or ‘$’ characters, may 


Example of MELPS 8 binary paper tape 


t be inserted between the ‘F’ and ‘B’. 
nNAn Abt @ The character code is ASCII or ISO, with or without 
parity. 
INSTRUCTION CODE CODE @® The address is incremented in sequence by the data 
TEXT DISCRIMINATION - a ie i 7 string. 


as @ The magnitude of the bits between the ‘B’ and ‘F’ is 
INSTRUCTION CODE 


By Bs Bs Ba B2 B2 B Bo defined as from high order to low order. 

0010001 0 @ At least 50 frames of sprocket holes should be punched 
at the start and the end of the tape. 

@ The levels of ‘P’ and ‘N’ should be specified as either low 
or high. 


3. Hexadecimal 


@ A separate tape should be prepared for each object 
program. Two copies of the tape should be supplied. 

@ The final part code should be inserted at the end of each 
tape. 

® The first address of the ROM should be indicated. Example of hexadecimal paper tape 

® The region outside the range from the frist address to 


the first address + 2048 is ignored. 
@ The ROM addresses may be non-sequential in the 


fete) ° 090000000 Oo O000 
oo 3 


[eXe) 
000000000 


fe) 
feXe) 
fee) eooroeol2 
ok) 


oo0000000000 


3° 
fe) 
° 
° 
° 


object program. 

@ The unused area within a chip will be filled with ‘1’s. If aE INSTRUCTION CODE 
‘1's are not suitable, appropriate digits should be B7 Be Bs Ba Bs Bz Bi Bo 
indicated INSTRUCTION CODE EOS, ie 

@ It should be indicated whether the area to be pro- Ct a a a . 
grammed is the ROM only, the RAM only, or both. Se 8 ae Pe 

@ All parts except the text and final part are ignored. FIRST ADDRESS 

@ The levels of bit code ‘1’ and ‘0’ should be specified as iia 


“ CHARACTER 
low or high. 


@ At least 50 frames of sprocket holes should be punched ; 
at the start and the end of the tape. @ This format is Intel-compatible. 
2. BNPE @ A separate tape should be prepared for each object 


program. Two copies of the tape should be supplied. 

@ A record of data length zero is considered the end of 
one chip’s data. 

@ The first address of the ROM should be indicated. 

@ The region outside the range from the first address to 
the first address + 2048 is ignored. 


000 o 00000 9.9000 1°) 
- O900000000 e0c0000000 0000000 9000000000 
ce] fete) fete] fete) 


fete) 
000 000 00 a. 00000 fete) 


@ The ROM addresses may be non-sequential in the object 


fe} (eo) 5 
DW IK program. 
BNNPR NNPNNNP weed @ The unused area within a chip will be filled with ‘0’s. 
COMMENTS MAY BE 


If ‘O’s are not suitable, appropriate digits should be 


indicated. 
INSTRUCTION CODE INSERT @ The character code is ASCII or ISO code with or with- 
B7 Be Bs Ba B3 B2 Bi Bo ° 
oo1o0o0o010 OME Panny: 
| @ The levels of bit codes ‘1’ and ‘0’ should be specified as 
® This format’ is Intel-compatible. either low or high. 
@ A separate tape should be prepared for each object ® At least 50 frames of sprocket holes seule be punched 
program. Two copies of the tape should be supplied. at the start and the end of the tape. 
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16384-BIT (2048-WORD BY 8-BIT) MASK-PROGRAMMED ROM, 
MELPS 8 BASIC OPERATING MONITOR BOM-B 


DESCRIPTION 

The M58731-001S is an M58731-XXXS that has been devel- 
oped for use with an M58710S CPU. It contains the basic 
operating monitor BOM-B for an M58710S CPU. BOM-B is a 
monitor program that controls the execution and debugging 
of user’s programs and is contained in 2K bytes of memory. 


FEATURES 
@ A standard mask ROM useful for microcomputer control 


and program debugging 

@ Three macroinstructions and nine monitor commands 

@ User’s monitor commands are easily added 

@ The BOM-B program cannot be destroyed by a user’s 
program 


FUNCTION 
The BOM-B has 9 monitor commands and 3 macroinstruc- 
tions as shown in Table 1. They are used for the following 
functions: 

1. Controlling program execution 

2. Loading programs 

3. Punching memory 
. Debugging programs 
. Controlling input and output 


on 


Start of Execution of BOM-B Program 

The execution is started at address 6800,,. The following 
message is printed out and then a monitor command can 
be typed in: MELPS8& BOM-B AO1 


as 


Conditions for Hardware 
1. Reserved Memory Locations 


Memory locations 6800;, to 6FFF 4. are reserved. 
In addition a 78-byte RAM region, locations 3FCE,, 
to SFFF,.6, is reserved for executing the ROM 
programs. | 

2. Input/Output Device Number 
PTR, for keyboard input 7B, (IN. 7B#) 
PTP, for print output 7B,¢6 (OUT 7B#) 
Status input 3Bi¢ (IN 3B#) 
Where the status bits are defined as follows: 


7 6 5 4 3 2 4 0 BIT 
1 1 
AVA Arar aaa 
(BIT VALUE 1 IS TRUE) —_ INPUT BUSY 


OUTPUT BUSY 


Table 1 A list of the 9 monitor commands and the 3 macroinstructions for BOM-B 


MELPS 8 binary punch text 
block of memory data 


L 
H 
E 


MELPS 8 binary punch end block 


Names of monitor commands Eunation Monitor command input format or 
or Macroinstructions calling sequence 


MELPS 8 hexadecimal loader 4 /ACRLF 


Parameter 
) E 


para 1(4): Start address 


//G 


para 1(4) __[para2(a) ] cr LF para 2(4): Change start address 


para 1(4): First address 


arai(4),para2(4)CR LF : 
igo Dera WG) pare ea}Cu para 2(4)- End address 


/ / E[parat(a)] cave 


para 1(4): Start address 


para 1(4): First address 
/ 7 P paral (4), para2 (4) RLF 


A 


para 2(4): End address 


| Pit and atv wr dae) 77M ana eee 
CALL 6806 | 
[pause | Pause rower ownsion —~=~=~=é‘di;SCS*‘“‘CALCLCOOBOH SSS 
3 


CALL 


| 

PR | Programrestat | Row 7 aa 
Print hexadecimal text block 
of memory data 


Macroinstruction 


6EBC #---------- Execute EXIO macroinstruction. 
Note ie Para nim) ' A hexadecimal number (0, 1, 2, 3, 4, 5. 6, fe 8, 9, A, B, C, D, DADR DC B 1 cts aan sana pn ss Sade ies “ces First address of data control 
E,F) of the nth parameter in one command (of an operator's input or 
a monitor's print-out), which has a valid length of 1 to m. If the length block (DCB). 
exceeds m, the least-significant digits are valid. DCB1 DEF | OD --- 10D for PTR is 52 # for PTP is 50 # 
2: (underline) : Indicates an input by an operator. DADR DA --. for KEYBOARD is 4B # for PRINT is 44 + 
= Licata ie i ude DADR DL --\ Set the first address of input/output data area. 
4: #: Indicates a hexadecimal number in assembler language. : 


\ 
“Set the data length of input/output data. 


Inout/ output 
data store 
memory 


DL bytes 
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Alternative Designation 1702A 


2048-BIT (256-WORD BY 8-BIT OR 512-WORD BY 4-BIT) 


DESCRIPTION 
The M58563S are FAMOS (floating-gate avalanche- 
injection MOS) ultraviolet-light erasable and electrically 
reprogrammable 2048-bit ROMs. They incorporate P-channel 
silicon-gate MOS technology, are designed for microcom- 
puter system applications, and have direct TT L compatibility 
for all inputs and outputs, without extra interface circuits. 
Static circuity is adopted and the device is interchange- 
able with Intel’s 1702A. 


FEATURES 
@ Full-decoded 256-word by 8-bit organization; 512-word 
by 4-bit organization is also available for reading. 
@ Easy memory expansion by chip-select (CS) input. 
@ All inputs and outputs are directly TT L-compatible and 
have OR-tie capability. All outputs are 3-state. 
@ Access time: 
M58563S: 1s (max) 
M58563S-1: 1.5us (max) 
@ No clocks required; the circuitry is entirely static. 
@ Interchangeable with Intel's 1702A. 


APPLICATION 
® Computers and peripheral equipment 


FUNCTION 

In the 256-word by 8-bit organization mode, V cc to pins 
22 (Vcc/MC) and 23 (Vcc/As), low-level input to the 
chip-enable terminal CS and address signals to the address 
inputs (Ag~A+) make the data contents of the designated 
address location available at the data outputs(D,~Dg). 
Applying low-level input to pin 22, using pin 23 as an 


BLOCK DIAGRAM 


ADDRESS INPUTS 


INPUT BUFFER 
ADDRESS DECODER 


Voc/As @3) 
Voo/MG Og 


BUFFER AND 
SELECT CIRCUITS 


ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 


PIN CONFIGURATION (TOP VIEW) 


U=oN) 
(SV) 
(SV) 


ADDRESS 


DATA INPUTS 
INPUTS/ 


OUTPUTS 


SE9SsSW 


(—9V) 
(SV) 

CHIP SELECT 
NPUT 
PROGRAM 


CONTROL 
INPUT 


Outline 24S10 


address input, and connecting the output terminals in 
pairs (D,, D2), (D3, Dg), (Ds, Dg) and (D7, Dg), gives 
the 512-word by 4-bit organization. In this case, if Vcc/Ag 
is kept at low level, the contents of D,;, D3, D;, and D, 
are available at the data-output terminals. If Vco/Ag is 
kept at high level, the contents of D2, Dg, De, Ds 
are available at the data-output terminals. 

Programming is performed individually at any bit 
location, by applying input patterns to D,~Dg at the 
specified timing, address inputs to Ajg~A-, and the 
program-control signal to terminal PROG. 


256-WORD BY 8-BIT . | 


OR 


512-WORD BY 4-BIT 64) V0 (-3v) 
ROM 
(32 ROWS: x 8 COLUMNS (6) Vac (-9v) 


x 8 ARRAYS) (5) VBB (5V) 


(2) Vcc (5v) 


PROGRAM 


Pp 
CIRCUITS © oe 


PROGRAM - 
CONTROL 
INPUT 


Di D2D3D4Ds D6D7Ds8 
——_—-———____——_ 
CHIP SELECT INPUT DATA OUTPUTS 
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Alternative Designation 1702A 


2048-BIT (256-WORD BY 8-BIT OR 512-WORD BY 4-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 


\ 


ABSOLUTE MAXIMUM RATINGS Note 1 


a ee ee ee 
Input voltage, read input : 0.3~—20 
— With respect to VCC (substrate) 
Input voltage, write input 0.3~ —48 
a 


Note 1: Stresses above those listed above may cause permanent damage to the device. This is a stress rating only, and functional operation of the device at these or at any other 
conditions above those indicated in the operational sections of these specifications is not implied. Exposure to absolute maximum rating conditions for extended periods 


affects device reliability. 


READ OPERATION 
Recommended Operating Conditions (Ta = 0 ~ 70°C . unless otherwise noted) 


Low-level input voltage, for MOS interface 


VIH High-level input voltage 


Note 2 : VgB should be connected to the same power supply as Vcc, 


Electrical Characteristics (Ta=0~70°C, Voc=5V 45%, Vop=—9V+5%, Vag=—9V+5%, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions Unit 
Off-state output current ViL=0V, CS=Vcc— av ees es ee 
Vac=Voc, CS=Vcc—2V | 2.4 
V DD supply current M 58563S eat ee 
msss63S =| CS=Voc—2v 42 
VDD supply current IMse563S : eee ey oe lee oe 
eee tae Ms8563S_ | ___ 5 ieee Ste ee ee ee 
— am | =OmA, Ta= be 
| msaseas-1 | 9 = OW 10b a er ee ee 
msasess | ee eee Se ee a ee 
VDD supply current CS=Vcc— 2V. loL=0mA, Ta=0°C 
M58563S-1 nee ee eee 
1os4 Output clamp current Vo=—1.0V, Ta=0°C 
10Se Output clamp current Vo=—1.0V. Ta=25°C 
ee oe 
be ee eae OO ae cael 
ee cas ane 


Ci (Vag) Input capacitance, VGG input f={1MHz 
Go 
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Alternative Designation 1702A 


2048-BiT (256-WORD BY 8-BIT OR 512-WORD BY 4-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 


Timing Requirements ( Ta=0 ~ 70°C, Vcc=5V+5%, Voo=—9V 45%, Vaa=—9V 45%. unless otherwise noted) 


tsu(AD- Vac) Address setup time with respect to clocked Vag (Note 1) 


Parameter Test conditions 


ta (AD) Address access time 


Mode change access time Output load SOpF 
Address As access time 


Note 1: Power-down option. 


VIH=4V, ViIL=OV 


Timing Diagrams 


Constant Voc Operation CYCLE TIME =1/fr Data Selection by MC 
fag 
! VIH 
Ag~A7 10% Vie 
90% 
Vit | 
pit su(AD-CS) \ CS 
Wiig { ytdv (AD) 
cS | \. _ 
VIL : ! me 
VOH F 
D4 ~Deg ! | Di~Dg 
VoL 1 ta (AD) 1 
Day 
Deselection of Data Output in OR-Tie Operation Clocked Vg, (Power-Down Option) Operation 
we 
VIH : ! CYCLE TIME =1/ fr | 
Ag~A 
: ’ Vit Ag~A " 10% 
ae 90% 
VIL 


| ! 
po VIH ! | ! 
= 

oe VIL It dv(CSLH) GS VIH | a=Ons | 

VVe—Z ' | VIL | 

t | 

D1~Dg oa 2 —t—L—t sucad-vec) | Note 2 

VOL Vcc ! a 


t+-——*it a(cs) CLOCKED VGG | f 
Data Selection by Ag Vac 


VIH ta(ap) r=" pT dv (VeeLH) 
VOH 
i Cs Cie” cee Oe een 
Vit eee 
_ __VIH Deselection of Data Output in OR-Tie Operation 
S, MC VIH y 
Vit Ag~Aq x 
VIH Vit [ 
As X x 
Vit 


VIH 


| ; \ y f 
VOH 7 cs f | 
D1,~Dg | VIL | tdv(CSLH) 
VOL | ———— ——_}— 


| 
tsu(AD-vac) 


. ~————+ Vcc | | ! 
Note 2 : The output will be retained for Tdv (VeggLH) even if clocked Vaqis at CLOCKED Ve | ' 
GG I 


| Note 3 tg 20ns—=+—_L 
| 
| 


Vcc level. 1 | | ty250ns 
3: If CS makes a transition from Vit. to VIH while clocked VGG is at Vag VOH | ' { 
level, then deselection of output occurs at tdv (CSLH) D1i~Dg | | 
| Wigs I tacap) | 
bn] 
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Alternative Designation 1702A 


2048-BIT (256-WORD BY 8-BIT OR 512-WORD BY 4-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 


PROGRAM OPERATION 
Recommended Operating Conditions (Ta=25°C, Voc=O0V, Veasa=12V + 10%, Voc/Mc =Vcc/As =CS =OV. unless otherwise noted) 


| 
Symbol Prameter Unit 


P vine) | Hahevdimutvoiege —SSCS~—~—~iSSCidSCSSCS 
Low-level input voltage, data input | 46 | 
Vina) | towievt input votage eaaessinput ——SSSS«d 8 | 
[ Vicacey | towiovelinput vlogs. Voo.pewem newt it 48 | 
P vicar) | towevel input votege Vee rout 80 | 


Symbol Parameter Test conditions 


Tice) | Lowiea ines cont sates tenon | wna 
Tica) | towieval input eaont progam” Veo npt | vuisav i 
Ttoowie) | Sten eurent Vo pask mannan cunent__ | Voo=—a5V, Voo=Vinney=—aav | 


| 
Symbol Parameter Test conditions 


v0 Voo=Vuns)=—48V, Voo=—av_| | 1 | 3 | ms __ 
Ge ae ae 
rae a 


toma 


th(DA-PROLH) Data hold time w/ respect to program low-to-high-level 
tsu(Vop,Vec-PRO)} OD, VaGq setup time with respect to program 


thivoo,Vec-PROLH) Vpn, Vag time w/ respect to program low-to-high-level 


tsu(AD- Voo, Voc ) 


th(AD- Voo, Voc ) Address hold time with respect to Vpp, VGG 


tsu(AD-PRO) Address setup time with respect to program 
th(AD-PRO) Address hold time with respect to progran 


Timing Diagram 


Address setup time with respect to Vppo, Vac 


tsu(AD-Voo, Veo) iti le—— th (AD-Vop, Vac) 
' OV 
INVERSE AD- ‘ ' ADD “4 ” 
Apa | press oF TaR- \ 


| GET ADDRESS SET TO TARGET ADDRESS eo 
1(Q-01) Note 1 ADD “O” 


—25~ —48V 
_ TN(Voo, Voe-PROLH)) 
| | a 
tt SU (AD-PRO) OV 
| . 
Voo | 
{ 
—46~ —48V 
OV 
| 
! 
i 
Vac i 
| 
| —30~ —40V 
| | ! | 
bene 4 t sui( Voo, Vac- PRO) . 
| sa | ! ov LZ May change within this region. 
| tw (PRO) | | Note : The rise time and fall time of 
f Ith(AD-PRO){ each input should be less than 
PROG 4 


1 ps. Set all 8 address inputs to 
—46~ — 48V the complement state when 
clocked V gg and Vpp are 
turned to minus level. 


| 
i 
tsu(aD- PRO)! Ith(DA-PROLH) 


OV 
WRITE “0” 


WRITE “4” 


—46~ —48V 
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Alternative Designation 1702A 


2048-BiIT (256-WORD BY 8-BIT OR 512-WORD BY 4-BIT) 
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM 


PROGRAMMING PROCEDURE 
Before programming, find the number of pulses that are 
necessary to complete programming, verifying the output 
after application of a single programming pulse. 

To program, apply 3 to 5 times this number of pro- 
gramming pulses. 


ERASING PROCEDURE 

The M58563S/S-1 can be erased by exposure to high- 
intensity short-wave ultraviolet rays at a wave length of 
2537A through the transparent quartz lid provided. 

The recommended exposure is approximately 5Ws/cm?. 
Mitsubishi Electric’s Model GL-10 short-wave ultravio- 
let sterilizing lamp can erase either device in 10 to 20 
minutes at a distance of 2cm. If the energy of the lamp 
used is unknown, find the total time (te) required to erase 
all bits and use a short-wave ultraviolet light exposure 
time of 4 to 6 times this value. 


HANDLING PRECAUTIONS FOR FAMOS DEVICES 
In addition to general handling precautions for MOS devices, 
the following points apply to FAMOS devices. 

1. When programming, the programming voltage and duty 
cycle should be carefully held within the specified 
values. Exceeding the voltage and duty cycle may result 
in thermal destruction of the device. 

2. Before erasing, clean the surface of the quartz lid to 
completely remove oily impurities, which may impede 
irradiation and affect the erasing characteristics. Also, 
scratches on the lid surface may act as refractors, and 
prevent erasing of some bits. 

3. The electrical characteristics may be slightly affected 
by light entering through the transparent lid. Although 
in normal operation the programmed information 
would probably not be erased, to assure reliability it is 
desirable to cover the lid with opaque tape. Also, avoid 
programming in a brightly lit location. 
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Alternative Designation 2401 


DESCRIPTION 


The M58651S is a fully decoded electrically erasable and 
reprogrammable ROM organized as 1024 words of 4 bits. 
This ROM is fabricated using P-channel MNOS technology. 
Data is stored by selectively applying negative writing 
pulses that tunnel electrons through the gate insulation 
onto the SiO,-Si3;N,4 interface of the MNOS memory 
transistors. Data is erased by applying a negative pulse to 
the erase substrate of the device. 


FEATURES 


Fully decoded memory with 1024 words of 4 bits 

Two chip select inputs for easy memory expansion 
Electrically reprogrammable: 10° times (min) 

Access time: 3us (max) 

Program time: 20ms/4 bits 

Simultaneous erasure of all data: 100ms 

Minimum data retention: 2 X 10!! read accesses per word 
(min) between refreshing 


@ Power-off nonvolatile data storage life: 10 years (min) 

@ Three-state outputs 

@ Interchangeable with NCR’s 2401 in pin connections 
and electrical characteristics 


APPLICATION 


@ Read-only memories which require frequent and quick 
reprogramming, such as prototypes or field programmed 
microcomputer systems 


BLOCK DIAGRAM 
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4096-BIT (1024-WORD BY 4-BIT) ELECTRICALLY ALTERABLE ROM 


| ERASE SUBSTRATE 


1024 -BIT 
MEMORY 


Ae) 
DRIVER 


PIN CONFIGURATION (TOP VIEW) 
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FUNCTION 

The following voltages should be applied to each terminal 
for erase, program or read operations of memory. (Vss 
= OV is applicable.) | 


Supply voltage Vss-28V Vss—19V 
Substrate supply 5V 5V 


voltage 
Memory voltage VpDb Vss—10V 
Vss VDD 


Reference voltage 


Erase substrate 
voltage 


Program control input] Vss— 28V 


Vss 
Vss 
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Alternative Designation 2401 


4096-BiIT (1024-WORD BY 4-BIT) ELECTRICALLY ALTERABLE ROM 


FUNCTIONAL OPERATIONS 
Erasing 


Data is erased by applying a V,,—28V 100ms pulse to the 
erase substrate voltage Vee . All bits are electrically erased 
simultaneously. 


Programming 


Apply a low-level input to the program control terminal 
W, and Vpp voltage to the memory voltage terminal Vm. 
Data is stored by selectively applying program pulses as 
designated by the address signals Ap~Ag. At this time 
from 100 to 300 pulses of approximately 100us pulse 
width should be applied to the clock ¢, input. 

Data is stored, theoretically, by selectively applying 
negative programming pulses that tunnel electrons through 
the gate insulation onto the SiO,-Si3zN, interface of the 
MNOS memory transistors. 

When .the programming voltage is removed, the charge 
trapped on the interface has changed the state from O to 1 
(a ‘1’ is stored). 

Data to be programmed is supplied through input ter- 
minals Dy~D,. 

The programming time is 20ms/4 bits. With pull-up 
resistors, address inputs Ayg~Ag and data'inputs D;~D, are 
TTL-compatible. 


Read Operation 


Data is read selectively by applying a Vs,~—10V to the 
memory voltage terminal Va, from the input/output 
terminals D, ~D, (operating now as output terminals.) Two 
modes can be used for read operations. In the strobed 
mode, the strobe input is used to sample and hold the 
output data. In the nonstrobed mode, the strobe terminal 
should be maintained as Vgg—24+1V throughout the entire 


read cycle. 
The access time is less than 3us in the nonstrobed mode. 


Strobed data may be accessed a minimum of 2x10! 
times without refreshing and is nonvolatile in excess of ten 
years in the power-off state and at an ambient temperature 
of 70°C. 


Chip Select 


Both chip select inputs CS; and CS. must be at Vsg level 
to enable the data at the output terminals to be pro- 
grammed into memory. These chip select inputs allow easy 
memory expansion, and with pull-up resistors are TTL- 
compatible. 

Electrically Reprogrammable 

Memory can be erased and rewritten up to 10° times. 


INTERFACES 
With TTL 


Vss=5V 


Vcc=Vss 
@ 


Vcoc=Vss 


! 
i 
' 
1 
fs cag 
l 
1 
! 


Vop=Vss —19V 
2kQ SRs S3kQ 
500Q SRLS2kQ 
TTL- compatible terminals 


Data input/output terminals (D1 ~Da) 
Address input terminals (Ag~Ag) 
Chip select input terminals (C S4,C So) 


With MOS 


Vop=Vss—19V 
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4096-BiIT (1024-WORD BY 4-BiT) ELECTRICALLY ALTERABLE ROM 


ABSOLUTE MAXIMUM RATINGS 


Vu 


Memory voltage 
Reference voltage : 
Erase substrate voltage i eepechiO Ss 
Input voltage 


Output voltage 


Operating free-air ternmperature range 


Storage temperature range 


meas 

Pes Vas 
[vsso.e| Vas |vest0.9 
Ficcsr) | twit srbe rout votoge |__| Vas [ves=25 [Vesa | Vas—23 


fvss—29. 

P__|vss~0.8| Vss_[Vsst0.3|vss~0.8| Ves |Vost0.9 
aaa ane 
aa : 

p eat ea 
oa 
cel 


| 


sna ae: 
eg 


Vss 
Vss 
Vss 
Vss 
Vinton) | Harel et nput tase || rt car 
[viniom) | Lowibl des inputvolege || Dont care 


Note 1: Can be used even when Vss = 0V 


ELECTRICAL CHARACTERISTICS (Ta=0 ~70°C, Vss=GND. unless otherwise noted) 


Vi(g4) =—29V(Voo= —29V, Vi(W) = 
Vi(sT)=—25V, all other pins = GND ) 
Vi Wy) = —29V(Vop= —29V, ViCW) = 
Vi(sT)= —25V, all other pins = GND ) 


Flo Output leakage current Vo=—45V (chip deselected ) 
1i(VEE) Erase substrate leakage current VEE= —28V(Vi(W) =VI(SsT)=—25V) 
Supply current from Vop ( read mode) VoD= —19V(no load ) 


Supply current from Vpp (program mode) VpD= —28V (no load ) 
C_=100pF 


High-level output voltage 


Limits 


Min Typ Max 


Unit 


iS 
> 


Clock input leakage current 


Memory voltage leakage current 


> 


> 


ac) <|2 el coke rs 
an nyAy_D]|T >| > > 


> 


3 


Vss—1.5 


Vss—10 


< 


Low-level output voltage 


Unpowered nonvolatile data storage time 


year 


Program input capacitance 
Strobe input capacitance 
SCC ae 


Note 2: Current flowing into an IC is positive; out is negative. 
3: Characteristics are shown at MOS load. 


TC 


Ci(AD, cs) | Address, chip select input capacitance 
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4096-BIT (1024-WORD BY 4-BIT) ELECTRICALLY ALTERABLE ROM 


TIMING REQUIREMENTS 
For Erase (Ta=0 ~70°C | unless otherwise noted) 


tr | Vee seme or 


tsu(Vee-w) | Erase pulse setup time with respect to program 


Test conditions 


For Programming (Ta=0—~70°C , unless otherwise noted) 


Parameter Test conditions 


Number of one word programming clock pulses tw(¢1) =100us £10%, 54s min dead interval 100 
th(d+-w) Clock @1 hold time with respect to program 


th(4,-an,cs)| Clock ¢1 hold time with respect to address, chip select | 1,000 | 
tsu(¢i-AD,cs)} Clock ¢isetup time with respect to address, chip select | oo 


tsu(pa- gi) } Data input setup time with respect to clock $4 
th(DA- 44) Data input hold time with respect to clock ¢1 


Min 


Read Cycle, For Strobed Operation (1Ta=0~70°C. unless otherwise noted) 


tw(¢,) Clock-¢4 pulse width 
Th(d4-AD) Clock fj hold time with respect to address 


th( ST -¢1) Stobe hold time with respect to clock $1 
t w(sT) Strobe pulse width 


SWITCHING CHARACTERISTICS 
For Erasing and Programming (Ta=0~70°C unless otherwise noted) 


Test conditions 


tr¢g1), tf(¢1)S50ns 


trist), tf(st) S50ns 


Symbol Parameter Test conditions 


Read Cycle For Nonstrobed Operation (Ta=0 ~10°C » VICST)= VSS —24 £1V., unless otherwise noted) 


Parameter 


Symbol Parameter 


ta(sT) Strobe access time 


tdv(sSTHL) | Data valid time with respect to strobe high-to-low-level input 
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4096-BIT (1024-WORD BY 4-BIT) ELECTRICALLY ALTERABLE ROM 


TIMING DIAGRAMS 
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ii ~ VIH(AD) 
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4096-BIT (1024-WORD BY 4-BIT) ELECTRICALLY ALTERABLE ROM 


APPLICATION 

Chip Select Circuit 

Both chip selects CS, and CS, must be low to keep the data 
outputs D,~Dq4 in the floating (high-impedance) state. 
These chip select inputs allow easy memory expansion. An 
example of a multichip memory with 4096 words of 4 bits 
is shown below. 


Fig. 1 Expansion of number of words 
8 


M58651S 


Ao~Ag 


OO) () ©) C) ©) O) ©) C) 
Di D2 D3 Da CS:iCS2 Ao~Ag ¢4 
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1024-BIT (256-WORD BY 4-BIT) FIELD PROGRAMMABLE ROM 


DESCRIPTION 


The memory cells of the M54700K, P, S are a matrix of 
diodes and Ni-Cr fuse links. Data can be electrically pro- 
grammed by open-circuiting fuse in the field with simple 
programming equipment. These 1024-bit field programma- 
ble ROMs (PROMs) are composed of an address decoder, 
memory, output and chip enable TTL circuits. | 


FEATURES 
Field programmable ROM 


Low power dissipation: 0.40mW/bit 
Fast access time: 50ns (typ) 

5V+5% single supply voltage 

Inputs and outputs TT L-compaticle 
Open collector outputs 

Two chip enable inputs (E;, 
expansion 

@ Organized as 256 words of 4 bits 
@ 16-pin ceramic or plastic package 
@ Interchangeable with MMI’s 6300 in pin configuration 
and electrical characteristics 


E,) for easy memory 


APPLICATION 
@ Programmable memory for the M58710S 8-bit parallel 


CPU. Used for prototype design, microprogramming and 
control storage. : 


FUNCTION 
The diode matrices of these 1024-bit ROMs are organized as 


256 words of 4 bits. Their memories are accessed by address 
inputs Ag~A-, selecting one of 256 words. The 4 bits are 


BLOCK DIAGRAM 


ADDRESS 


INPUTS : DECODER 


ADDRESS 
INPUTS 


CHIP : 
ENABLE INPUTS} E2 (44) 


PIN CONFIGURATION (TOP VIEW) | 


16} Voc (5V) 
15] <- Az 
Ag S| 
___ $ CHIP ENABLE INPUTS 
13) <- Ey 
—>O; 
—>Q2 


0| > 03 


ADDRESS INPUTS 


ADDRESS INPUTS 


dOoLrsw 


DATA OUTPUTS 


(OV) GND +[8] 


Outline 16K1 (M54700K) 
16P1 (M54700P) 
16S1 (M54700S) 


read out in parallel on data outputs 0,~0,. All inputs are 
TTL-compatible. An external decoder is not necessary. All 
outputs are open-collector outputs, so it is possible to AND- 
tie them to other ROMs and TTL devices. The AND-tie 
fanout of each output can accommodate up to 10 standard 
TTL loads. The chip enables E, and E, are used to inhibit 
data outputs O,;~O,. 


(16) Vcc (5V) 


. 
- 
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256-WORD BY 4-BIT 
MEMORY ARRAY 
(32 ROWS xX 
32 COLUMNS) 
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1024-BIT (256-WORD BY 4-BIT) FIELD PROGRAMMABLE ROM 


ABSOLUTE MAXIMUM RATINGS (ta=25°c _ unless otherwise noted) 
| Supply votage 


Vo Output voltage 
Vo 
VE 


Symbo! 


Output apply voltage 


Chip enable apply voltage 


Duty cycle 


READ OPERATION 
Recommended Operating Conditions (Ta = 0~ 75°C, unless otherwise noted) 


In case of programming 


Loma 
= 
oN 
a) 
w 
SS 
om 
(?) 
So) 
~~ 


Symbol Parameter 


Vcc Supply voltage 


Electrical Characteristics (Ta=0~75°C , unless otherwise noted) 


Pos | 0] v 


Parameter Test conditions 


Symbol 


VOL Low-level output voltage loL=16mA 


1OH High-level output voltage VOH= 5.25V ae 
He Low-level input current Vi=0.4V a 
I1H High-level input current 


Input clamped voltage |= 


Vic 
Note 1: Typical values are at VCC=5V, Ta=25°C 


Switching Characteristics (Vcc=5V, Ta=25°C , unless otherwise noted) 


ta (AD) Address access time (Note 3) 
ta(CE) Chip enable access time 


tdv (CE) Data valid time with respect to chip enable 


Symbol 


See Timing Diagrams and Note 4 


Timing Diagrams 


O,~O4 —————1.5V 


a ie = ie 


VOH Note 2 : Rise time tr =5ns; fall time tf S5ns 


O1~O4 3: The chip enable inputs Ey and E2 should be low-level at measurement time during 
ae eel a | 5 address access time . 
4 : Load circuit: capacitance (C,) includes stray capacitance and input capacitance. 
sd SSeS VOL Vcc 
Ri =300 2 
(ai CL =30pF 
OV R2=600 Q 
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1024-BIT (256-WORD BY 4-BIT) FIELD PROGRAMMABLE ROM 


PROGRAMMING OPERATION 
Recommended Operating Conditions 


Timing Requirements 


ot) ot 


w(P)/to(P) 


Timing Diagram 
TTL“H” 


~ | 
il 
100ns MIN Pat | aa 
Voc(p) 100ns MIN 
Veors Vcc (Vv) 

TTL“H 
a 
Ez 1 


| PROGRAMMING | | VERIFICATION | 


Programming (Writing) Procedure 


All 1024 Ni-Cr fuse-link memory elements are manufactured 
in a high-logic-level (fuse closed) output conditon. To pro- 
gram: 

1. Apply 5.5V to the supply voltage Vcc and select a fuse 
link to be programmed with address inputs Ag~A7. 

2. Apply a high-logic-level to the chip enable input E. 

3. After applying a program pulse Vi(cep) to the chip 
enable input E, (see Timing Diagrams), apply an output 
pulse Vo p) to the fuse link of the output to be pro- 
grammed. The output pulses should be separately applied 
to each output. 

4. After programming, the fuse link is open and the output 
level is changed to a low-logic-level. 


Symbol Test conditions 
ee ee 


A 
ae 


‘a 
B pt O OUTPUT 
on 
TO 
CO OUTPUT 
BUFFER 
CHIP ENABLE 
O 
TO BIT Sees TO WORD © 
DECODER DECODER 


1 MEMORY CELL 


5. After programming is completed, apply an additional 
three programming pulses. 

6. Test the programmed memory to verify that the outputs 
are low-level or high-level as desired. Both chip enable 
inputs E, and E, must be low-level for testing. 

The word decoder circuit selects any one of 32 columns, 
and sets the transistor Tr, to the on state. The bit decoder 
circuit selects any four of 32 rows, and supplies the base 
current to transistor Tr, from chip enable input E,. 

The fuse link is opened not by the base current, but by 
the collector current which is supplied to transistor Try 
from the selected output 0,~0O,, plus the base current. At 
this time, the other three fuse links of the selected word 
line are in a half-selected stage and the remaining 1020 fuse 
links are in a non-selected state. 


Typical Programming Conditions 
Condition Pulse Pulse width Chip enable eis 
sequence | sequence | tw(P) (ms) ae rks ( v) 

1(CcEP) (V) 

pw ee Os 2 

a en eee 

a eel ae 

ae ee Ce ee ee 


| 25 | 
| 25 
25 
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1024-BIT (256-WORD BY 4-BIT) FIELD PROGRAMMABLE ROM 


APPLICATIONS 

Chip Enable Circuit 

The chip enable inputs E; and E, are used for activating or 

inhibiting output O,~O4. E,; and E, are NORed. Output 

is inhibited when any of the inputs are high-logic-level. 

Chip enable inputs E, and E, allow easy memory.expan- 

sion by one of the following procedures: 

1. Expanding the Number of Bits in a Word 

For example, using three 1024-bit ROMs, each organized as 

256 words of 4 bits, the number of bits in a word can be 

expanded as described below: 

1. Apply a low-logic-level to both chip enable inputs E, and 
E, of each ROM. 

2. Connect address inputs Ag~A, of each ROM in parallel. 
Memory is thus expanded and reorganized as 256 words 
of 12 bits. 


Fig. 1 Expansion of number of bits 


O012 
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| ras 01-003 
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() @ 
fr vy | [| | 7 [ [| 00 
eee me ee ee As 8 
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EE 
-—_t + Az2 RO 006 
A 
ili 7 
ret | ht hf Tt 004 
Tet hd | Tt A 
eee a Se ee 003 
St tie 
{i One a Oe 
a O01 


O O 0 0 OOO O 
A7 Ab As Aa A3 A2 Aq Ao 


2. Expanding the Number of Words in Memory 

For example, using three 1024-bit ROMs, each organized as 

256 words of 4 bits, the number of words in memory can 

be expanded as described below: 

1. Connect one of the chip enable inputs E; or E, of each 
ROM to the decoder while keeping the remaining input 
at low-logic-level. 

2. Connect the outputs from each ROM with AND-tie con- 
nections so that each output is an open-collector output 
circuit or a three-state output. Memory is thus expanded 
and organized as 768 words of 4 bits. 


Fig. 2 Expansion of number of words 


oc 
wa 
Q 
O 
O 
Ww 
Qa 


3. Expanding the Number of Words in Memory and 
the Number of Bits in a Word 
For example, using nine 1024-bit ROMs, each organized as 
256 words of 4 bits, and by combining procedures 1 and 2 
above, the number of words in memory along with the 
number of bits in a word, can be expanded as described 
below: 
1. The chip enable input E, of all ROMs is connected in 
parallel for module selection. 
2. The chip enable input E, activates selected ROMs the 
same as 2 above. 
Memory is thus expanded and reorganized as 768 words 
of 12 bits. 


- MITSUBISHI 
ELECTRIC 


MITSUBISHI LSIs 


MS4700K, M54700P, MS4700S 


Alternative Designation 6300 


1024-BIT (256-WORD BY 4-BIT) FIELD PROGRAMMABLE ROM 


Fig. 3 ROM module 


‘MODULE 
SELECT | Ag 
As 


ADDRESS 


ADDRESS | a, 


BUS DRIVER 


Ao 


BiTS O2 
ROM O14 


Oo Oo QO 
O9 010011042 


Pull-up Resistors 
The outputs are open collectors; therefore, AND-tie con- 


nections are also possible, and normal loads can be 
connected. The resistance of a pull-up resistor Ry that may 
be connected between the voltage supply and the collectors 
of the output transistors should be determined by equations 


(1) and (2) as shown below: 


The resistance of a pull-up resistor R, should be within the 
range as shown in equation (3). RL (min) and Ri (max) 
should be calculated using the appropriate number of AND- 
ties and fanouts. Calculation examples of TTL load are 
shown below: 


Voc—VoH 
Rt (naxx) == --(1) (41) When 
M *loH+N «iH cae — 
; M= 4, N=3, Vcc=5.25V, VoH=2.4V, loH=100KA, 
where, M_ : number of AND-ties “— 


N  :! number of fanouts (number of loads) 


liH=40uA 


Vcc : maximum value of supply voltage Bi tieiec Veo" Vor 
VoH ? minimum value of high-level output voltage M + loH+N ° IH 
154 = maximum value of high-level output _ 5.25V —2.4V 
current at the open collector output 4X (100uA) + 3X (404A) 
TH =: maximum value of high-level input current = 5090 £2 
Ri (min) = ae ee ee (2)  ©2) When 
oe ee N= 3, Voc=4.75V, Vor=0.45V, lor=16mA, TL=1.6mA 
where, Voc : minimum value of supply voltage 
VoL : maximum value of low-level output voltage Voc — VoL 
fo. : maximum value of low-level output current Ae a Nel 
Ti =: Maximum value of low-level input current 4.75V — 0.45V 
then, ~ 46mA — 3X (4.6mA) 
Rie (min)< Re < Remax) 9 -------------- (3) = 3842 
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256-BIT (32-WORD BY 8-BIT) FIELD PROGRAMMABLE ROM 


DESCRIPTION 


The memory cells of the M54730K, P, S are a matrix of 
diodes and Ni-Cr fuse links. Data can be electrically pro- 
grammed by open-circuiting fuse in the field with simple 
programming equipment. These 256-bit field programma- 
ble ROMs (PROMs) are composed of an address decoder, 
memory, output and chip enable TTL circuits. 


FEATURES 
Field programmable ROM 


Low power dissipation: 1.5mW/bit 

Fast access time: 45ns (typ) 

5V+5% single supply voltage 

Inputs and outputs TT L-compatible 

Open-collector outputs 

Chip enable inputs (E) for easy memory expansion 
Organized as 32 words of 8 bits 

16-pin ceramic or plastic package 

Interchangeable with MMI’s 6300 in pin configuration 
and electrical characteristics 


APPLICATION 
@ Programmable memory for the M58710S 8-bit parallel 


CPU. Used for prototype design, microprogramming and 
control strage. 


FUNCTION 
The diode matrices of these 256-bit ROMs are organized as 


32 words of 8 bits. Their memories are accessed by address 
inputs Ag~Agq, selecting one of 32 words.The 8 bits are 


BLOCK DIAGRAM 
MSB [ 


Aa (14) 
1/32 


ADDRESS INPUTS DECODER 


CHIP ENABLE INPUT E (5) 


(5V) Voc 
(0V)GND 


PIN CONFIGURATION (TOP VIEW) 


Of] 16] = Voc(5V) 
O2+-[2, M5}¢—E CHIP ENABLE INPUT 
03<-[3 | 14} <— Ag 
DATA OUTPUTS { O4<—-[q & M3)<- A3 
Os o «+ A2$ ADDRESS INPUTS 
O6<-[6 » Mi} Ay 
O7<- 10] Ao 
(OV)GND_ [8] '9]-% Og DATA OUTPUT 


Outline 16K1 (M54730K) 
16P1 (M54730P) 
16S1 (M54730S) 


read out in parallel on data outputs 0,~0g. All inputs are 
TTL-compatible. An external decoder is not necessary. All 
outputs are open-collector outputs, so it is possible to AND- 
tie them to other ROMs and TTL devices. The AND-tie 
fanout of each output can accommodate up to 10 standard 
TTL loads. The chip enable E is used to inhibit data 
ouputs O,~QOg. 


32-WORD BY 8-BIT 
MEMORY ARRAY 
(32 ROWS x 1 COLUMNS x 8 ARRAYS) 


DATA OUTPUTS 
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Alternative Designation 6330 


256-BIT (32-WORD BY 8-BIT) FIELD PROGRAMMABLE RO 


ABSOLUTE MAXIMUM RATINGS (tTa=25°C. unless otherwise noted) 


Vcc Supply voltage 

VI Input voltage 
Vo 

Vo 


Pewee = 4 Output apply voltage | 
In: case of programming 
w(P)/tc(P)| Duty cycle 


READ OPERATION 
Recommended Operating Conditions ( Ta =0~ 75°C. unless otherwise noted) 
m 
y le) arameter Nom 
Vcc Supply voltage 


Sn 


Lm —*d 
Parameter Test conditions 
| Min |Typ(Notet) Max 


Low-level output voltage loL=16mA ae 
High-level output voltage VOH=5.25V ae) 
Low-level input current Vi1=0.4V po 


as 

nai 

™ eo os Be 
ae 

ee 


Note 1 : Typical values are at VCC=5V, Ta=25°C 


Input clamped voltage 


Switching Characteristics (Vcc=5V, Ta=25°C | unless otherwise noted) 


Chip enable access time 
tdv (CE) Data valid time with respect to chip enable 


Timing Diagrams 


See Timing Diagrams 


“LL” -“H 


VOH Note 2 : Rise time tr S5ns; fall time t¢ S5ns 


oof fama andinetf 5Y 3 : The chip énable input E should be low-level at measurement time during address 
ta(Abd) | access time 
Lee VoL 4 : Load circuit: capacitance (C_) includes stray capacitance and input capacitance. 
Vcc 
: Ri =300 Q 
OV 
CL =30pF 
R2=600 Q 


6—32 ELECTRIC 


at 
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Alternative Designation 6330 


256-BIT (32-WORD BY 8-BIT) FIELD PROGRAMMABLE ROM 


PROGRAMMING OPERATION 
Recommended Operating Conditions 


Symbol Test conditions 


Chip enable program input voltage 


Test conditions 


Pulse rise time 


Timing Diagram Programming Circuit 
TTL“H” E B E 


ee OUTPUT O1 


--4 ‘ca ein “oie oe 
4 
i 
ae 


TO 
OUTPUT 
BUFFER 


{00ns MIN th 1 MEMORY CELL 
100ns MIN 


TO WORD 
DECODER 


Vcc(P) 


Voc / \ Vcc(v) 
- - - ~ 6. Test the programmed memory to verify that the outputs 


EROCBAMMING MERE are low-level or high-level as desired. Chip enable input E 
must be low-level for testing. 

As the chip enable input E is kept high-level during pro- 
All 256 Ni-Cr fuse-link memory elements are manufactured gramming, transistor Tr; maintains the off state. The word 
in a high-logic-level (fuse closed) output conditon. To pro- decoder circuit selects any one of 32 words, and sets the 


Programming (Writing) Procedure 


grant: transistor Tr; to the on state. The collector current of the 
1. Apply 5.5V to the supply voltage Vcc and select a fuse transistor Tr2, which is supplied from the selected output 

link to be programmed with address inputs Ag~Ag4. O,, opens the fuse links. At this time, the other seven fuse 
2. Apply a high-logic-level to the chip enable input E. links of the selected word line are in a half-selected state 


3. After applying a program pulse ViiceP) to the chip and the other 248 fuse links are in a nonselected state. 
enable input E (see Timing Diagram), apply an output 
pulse Voip) to the fuse link of the output to be pro- Typical Programming Conditions 


grammed, The output pulses should be separately applied Eancnion Pulse Bile cuiaih Chip enable Output 
program voltage voltage 
sequence. sequence tw (P) ( ms ) V Gee (Vy) (Vv) 


to each output. 
a ee 
ae 
ae oe 


4, After programming, the fuse link is open and the output 
level is changed to a low-logic-level. 


5. After programming is completed, apply an additional 
three programming pulses. 
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Alternative Designation 6330 


256-BIT (32-WORD BY 8-BIT) FIELD PROGRAMMABLE ROM 


APPLICATIONS 

Chip Enable Circuit 

The chip enable input E is used for activating or inhibiting 

output O,~Os. Chip enable E allows easy memory expan- 

sion by one of the following procedures: 

1. Expanding the Number of Bits in a Word. 

For example, using three 256-bit ROMs, each organized as 

32 words of 8 bits, the number of bits in a word can be 

expanded as described below: 

1. Apply a low-logic-level to chip enable input E of each 
ROM. 

2. Connect address inputs Ag~A, of each ROM in parallel. 
Memory is thus expanded and reorganized as 32 words 
of 24 bits. 

2. Expanding the Number of Words in Memory 

For example, using three 256-bit ROMs, each organized as 

32 words of 8 bits, the number of words in memory can be 

expanded as described below: 

1. Connect the chip enable input E of each ROM to the 
decoder. 

2. Connect the outputs from each ROM with AND-tie con- 
nections. 

3. Connect each address input Ag~A, commonly. Memory 
is thus expanded and organized as 96 words of 4 bits. 

3. Expanding the Number of Words in Memory and 
the Number of bits in a Word 

For example, using nine 256-bit ROMs, each organized as 

32 words of 8 bits, and by combining procedures 1 and 2 

above, the number of words in memory along with the 

number of bits in a word, can be expanded as shown in the 
diagram below. 

Memory is thus expanded and reorganized as 96 words 
of 24 bits. 


ADDRESS 
BUS ADDRESS 
INPUTS Aa: DRIVER 
Ao 
ROM module 


Pull-up Resistors 
The outputs are open collectors; theref>re, AND-tie con- 
nections are also possible, and normal loads can be 


connected. The resistance of a pull-up resistor R_ that may 
be connected between the voltage supply and the collectors 
of the output transistors should be determined by equations 
(1) and (2) as shown below: 


Voc—VoH 
UCMX eee. TSN EERE (1) 
M *lOH+N eliH 
where MW : number of AND-ties 


N  : number of fanouts (number of loads) 

Voc : maximum value of supply voltage 

Vox : minimum value of high-level output voltage 

18H: maximum value of high-level output 
current at the open collector output 


Ta : maximum value of high-level input current 


Vcoc— VoL 
OT acer aa (2) 
~ Tor —N-fic| 
where Vcc : Minimum value of supply voltage 


VoL : maximum value of low-level output voltage 
jo. : Maximum value of low-level output current 
TL : Maximum value of low-level input current 


then 
Ru (min)< Re < Re (max) 


The resistance of a pull-up resistor Ry should be within the 
range as shown in equation (3). Ry (min) and Ry (max) 
should be calculated using the appropriate number of AND- 
ties and fanouts. Calculation examples of TTL load are 
_ shown below: 


(4) When 
M=4, N=3, Voc=5.25V, 
VoH=2.4V, IdH=100HA, 


TiH= 40uA 
Vcc—VoH 
Ri (max) = = = 
M eloH+N «|in 
ie 5.25V —2.4V 
4X (100uA) + 3X (40uA) 
= 5090 2 
(2) When 


N= 3, Vcc=4.75V, 
VoL=0.45V, loc=16mA, 


Tr=4.6mA 
O17 O24, Ru(min) = Yeo ~ ys 
lo. —N ‘Sic | 
_ 4.75V — 0.45V 
~ 46mA — 3X(1.6MA) | 
= 3842 
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MS8S02P, MS8S503P, MS8504P 


1024 -BIT DYNAMIC SHIFT REGISTER 


DESCRIPTION PIN CONFIGURATION (TOP VIEW) 
The M58502P, M58503P and M58504P are 1024-bit 
dynamic shift registers which are fabricated with the P- M58502P 
channel silicon-gate MOS process and adopt capacitance 
pull-up circuits. The M58502P is organized as 256 words of 
4 bits, the M58503P as 512 words of 2 bits, and the 


TA OUTPUT OUT [1] ra]<—IN DATA INPUT 
M58504P as 1024 words of 1 bit. ee | : 


DATA INPUT INy—>} 3] 


FEATURES 2 

@ Fast data frequency: 3MHz (max) CLOCK INPUT $y 4) 00 

@ Fast clock frequency: 1.5MHz (max) S Vop (—5V) 
Low power dissipation: 15uW/bit (typ) M1]¢-¢2 ~~ CLOCK INPUT 

@ Small input capacitance: 140pF (typ) M0)<-IN3 9 DATA INPUT 

@ All inputs and outputs TTL-compatible DATA inpUT !N2->{8] 19]-*OUT3 DATA OUTPUT 


@ M58502P interchangeable with Intel’s 1402A in pin 
configuration and electrical characteristics 


APPLICATION 
@ Buffer memory for peripheral terminal equipment M58503P 
@ Small capacity memory system 
@ Analog delay line 


FUNCTION 

The adoption of capacitance pull-up circuits provides fast 
operation at low power dissipation. The M58502P is inter- 
changeable with Intel’s 1402A in pin configuration and 
electrical characteristics. The M58503P and the M58504P 
are functionally interchangeable with Intel’s 1403A, 1404A 
(TO-5 package). Power dissipation is only 15uW/bit, about ADIN DATA INPUT 
1/20 or less the value for Intel’s 1402A, 1403A and 1404A. ? 
The read/write data frequency is fast—up to 3MHz at a 
clock frequency of 1.5MHz. The minimum clock frequency 


< 
on 
Co 
a 
ro) 
7) 
U 


is 500Hz, allowing use over a wide range of frequencies. All 
inputs and outputs are directly compatible with TTL, so 
that no special interface circuit is required. The Vpp supply 
voltage and the supply voltage for clock can be used in M58504P 
common. 


NC @ NC 
DATA INPUT =s- IN [2] Nc 
NC 
Vop (—5V) 
+ $2 CLOCK INPUT 


dvosssw 


Outline 16P1 
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MS8S02P, MS8503P, MS8S04P 


1024-BIT DYNAMIC SHIFT REGISTER 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply voltage 
Input voltage 
Clock voltage 
Output voltage 
Power dissipation 


Topr Operating free-air temperature range 


ied 
[Tope 
CTs 


Tstg Storage temperature range 


Symbol Parameter 


Voc Supply voltage 


Supply voltage 


VI High-level input/ voltage 


Low-level input voltage 


ViH(d) High-level clock input voltage 
Vit(¢) 


< < 
|| 


Low-level clock input voltage 


unless otherwise noted ) 


Cee CTS TS a AE ee 
: fa 

rout ope 
ae 


Symbol 


VOoH 
VoL 


ROoFF 


Cis) ViL(9) = 0V, f=4MHz, 25mVrms 
Ci( ¢1— 42) Capacitance between clock 1 and clock 2 ViL(¢) = OV, f=41MHz, 25mVrms 


Note 1 : Current flowing into an IC is positive; out is negative. 
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MS8S02P, MS8SO03P, MS58504P 


1024-BIT DYNAMIC SHIFT REGISTER 


SWITCHING CHARACTERISTICS ("8=— 10 — 750, Voo=sV=8%, Von= SV £87, Virc sy Voo = — 1SV~ — FTV. 


unless otherwise noted 


: 
Col iw #2) = F208 


Limits 
Min Typ Max 


Test conditions 


Oo 
oO 
Oo 
Oo 
on 


See Timing Diagram 


TIMING DIAGRAM 


BIT 4 | BIT 2 | 4 BIT N_ (Note 4) | BIT N+14 BIT N+ 2 
VIH(¢) 
Pj 
Vit(¢) 
VIHC¢) 
| 
| 
| | 
| | 
p2 | | 
| | 
| | 
tsu(Da) aac rr | -=——=— ViL(¢) 
| ia Tw( 2) | : | 
<== , | p—--— — —— Sf p+ = VIH 
DATA | | 
IN | | 
IN BIT + IN BIT 2 J = me 
Rn ae re eer tid ei eee eee pantie knee al sis PR hae 
| [7 VOH 
DATA 
OUT 
_—_--ee OC ef one ae quae aoe com eee ew 


~ Vou 
OUT BIT 14 OUT BIT 2 
Note 2: Tsu(pA) and th(pa) have the same value concerning tw(¢2). 


3 : The rise time and fall time of the input waveform are less than 10ns and the output load is one TTL gate. 
4 :N equals 256 in the M58502P, 512 in the M58503P and 1024 in the M58504P. 


INTERFACE WITH TTL 


TTL GATE TTL GATE 


Voc 
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M5S8502P, MS58503P, MS8504P_ 


1024-BIT DYNAMIC SHIFT REGISTER 


TYPICAL CHARACTERISTICS 


POWER DISSIPATION VS. 
LOW-LEVEL CLOCK OUTPUT VOLTAGE 
Voo— Veo= —10.5V 
DATA FREQUENCY = 3MHz 


POWER DISSIPATION Pd (mW) 


LOW-LEVEL CLOCK OUTPUT VOLTAGE Voi(¢) —Voe(V) 


LOW-LEVEL CLOCK INPUT VOLTAGE 
VS. SUPPLY VOLTAGE 


| 
3 


LOW-LEVEL CLOCK INPUT VOLTAGE Vit (g) — Voc (V) 


SUPPLY VOLTAGE Vpp— Voc ( V) 


EFFECTIVE INPUT CHARACTERISTICS 


Voo— Voc= —411V 
Vor ( 6) — Vec= —17V 
CLOCK FREQUENCY 


LOW-LEVEL OUTPUT VOLTAGE Vor — Voc (V) 


LOW-LEVEL INPUT VOLTAGE Vi_— Voc(V) 


POWER DISSIPATION VS. 
SUPPLY VOLTAGE 


POWER DISSIPATION Pd (mW) 


—14 
SUPPLY VOLTAGE Voo— Vcc (V) 


LOW-LEVEL CLOCK INPUT VOLTAGE 
VS. PULSE WIDTH 


Voo— Von= —10.5V 
DATA FREQUENCY= 4 MHz 


20 


—20 


LOW-LEVEL CLOCK INPUT VOLTAGE Vit (d) (V) 


CLOCK PULSE WIDTH two) (ns) 


MINIMUM FREQUENCY VS. 
AMBIENT TEMPERATURE 


MINIMUM FREQUENCY fmin (Hz) 


0.4 
—25 


AMBIENT TEMPERATURE Ta (°C ) 
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MS8609-X XS 


KEYBOARD ENCODER 


DESCRIPTION 

The M58609-XXS is a keyboard encoder for reed switches 
of terminal equipment. It is fabricated using P-channel 
aluminum-gate MOS technology and is packaged in a 40-pin 
DIL package. It contains a 3168-bit mask-programmable 
read-only memory in which each key’s code is stored. The 
9-bit code corresponding to any one of 88 keys, each of 
which can be in any one of 4 mode shifts, can be read out. 
The outputs are TTL/DTL-compatible. The output consists 
of an 8-bit code and a parity bit. The address is selected by 
the 8-bit and 11-bit ring counters. Custom-programmed 
coding is available. The XX in the type code stands for a 2- 
digit decimal number that identifies the customer's specifi- 
cation to which the ROM has been programmed. 


FEATURES 


® TTL/DLT-compatible (except X, Y terminals) 

@® Two-key rollover operation 

@ N-key lockout operation 

@ Self-contained clock generator circuit 

@® Strobe delay circuit for eliminating key contact bounce 

@ External control for output polarity (positive or negative 
logic) 

@ External control for selecting odd or even parity 

APPLICATION 

@ Encoder for full-keyboard terminal equipment 

FUNCTION 


Outputs (X9~X-7) of the 8-bit ring counter and inputs (Yo~ 
Yio) of the 11-bit comparator are wired to the keyboard to 
form an 8x11 (88-cross points) switch matrix. 

When the key connected with X; and Yj; is depressed, a 
path is formed between them. When the level of Yj matches 
that of Xi, which comes from the 8-bit ring counter, the 


BLOCK DIAGRAM paaity invert inpuUT 


| STROBE OUTPUT STO (16) 


PARITY OUTPUT 


Bs @) 

Bs ~ 

B7 
= 
a al 
Ba Pagal 
B3 (3) 

B2 04) 

Bi @5) 


DATA OUTPUTS 


TTL/DTL/MOS DRIVER 


MiM2M3Ma 


| MODE 


SELECT 
|__._g 


CIRCUIT 
DSI S) C 
DATA STROBE INVERT INPUT SHIFT CONTROL 
INPUT = INPUT 


3168 (88 4X9) BIT 
MASK-PROGRAMMABLE ROM 


8 BIT RING COUNTER 


b—6--80600006 


X7 X6 X5 X4q X3 X2 X1 XO 
TO KEYBOARD MATRIX INPUTS 


PIN CONFIGURATION (TOP VIEW) 


(5V) Vss 
FREQUENCY CONTROL B Fg-+[2] 
FREQUENCY CONTROL C Fo->[3] 


FREQUENCY 
CONTROL A 


SHIFT INPUT 
CONTROL INPUT 
PARITY INVERT INPUT 
PARITY OUTPUT 


TO KEYBOARD 
MATRIX 
INPUTS 


DATA OUTPUTS 


SXX-6098S/\ 


FROM 
KEYBOARD 


MATRIX 
OUTPUTS 


(—12V) Voc 
STROBE CONTROL INPUTST C—> 


DATA STROBE DS|->(20] 
INVERT INPUT 


Outline 40S1 


comparator generates a coincidence signal for clock control 
and delay circuit. This clock control stops the clock signals 
to the ring counter and data outputs (B;~Bg) stabilizing 
the selected 9-bit code. The stabilization is indicated by a 
valid signal on the strobe output. A strobe output signal is 
generated at the time set by the externally controlled delay 
circuit which receives the coincidence signal. Data outputs 
and strobe output remain stable until the key is released. 


STROBE CONTROL INPUT 
STS 


(13) Ss fears 
~ @Vss (sv) 
DELAY @ Vpop (OV ) 
CIRCUIT 


(8) Vac (— 12V) 


FROM 
KEYBOARD 
MATRIX 
OUTPUTS 


COMPARATOR 


FREQUENCY 


(40) Fa CONTROL A 

en ae Fp FREQUENCY 
GENERATOR CONTROL B 
(3) Fo FREQUENCY 


CONTROL C 


CIRCUIT 
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KEYBOARD ENCODER 


ABSOLUTE MAXIMUM RATINGS 


RECOMMENDED OPERATING CONDITIONS (Ta=-— 20~ 75°C, unless otherwise noted) 


Vv 


etal 
[Vic [towiewtinputvotege ———sSsSC—=‘“*~*~é‘~SC*‘SSC“‘(§W +O 
Pt a dl 

J 


tD(STO) Strobe delay time 
RoOFF Switch off resistance | 1 | | 


ELECTRICAL CHARACTERISTICS (Ta=-—20~75°c, Vaa=—1241V, Vss=5+0.5V, VOD=OV. unless otherwise noted) 


High-level output voltage, Bi~ Bg and STO loH=—100uA 
VOH(xXi) | High-level output voltage, X0 ~ X7 loH=—100uA 


V OH(Xi 
Low level output voltage, B1~ Bg and STO lol. =1.6mA 

OL (Xi 

P 

C 


FOR | Input resistance, S, C, DSI and PI Vp =—12V 


d Power dissipation Ta=25°C ~ 
Input capacitance . V; =O0OV, f =1MHz, Ta=25°C 


Note 1 : Current flowing into an IC is positive; out is negative. 


) 
Vv 
Low-level output voltage. Xo ~ X7 loL=1uA 
i 


TIMING DIAGRAM 


ON 
(Xi, Yi) KEY _oFF | U | Eee 


(Note 3) 


oer TCS 
(Xj, Yj) KEY | ee 


1 BIT TIME 
H 
Xi = 


yi (INTERNAL " 
OUTPUT) : 
1 BIT TIME 
“a 
Xj L 
_ (INTERNAL 
Yl QuTPUT) 


STO Note2: DS!t=“L” 
3: (Xi, Yi) KEY indicates the key switch that is located at the cross point 
co of Xi andYi of the keyboard matrix. 
NOG ge tea is area I ee ce) Ceres _ 4: (Xi, Yi) OUTPUT indicates the code output of the key that is selected 
Bg OUTPUT OUTPUT Ale hs p y 


by the (Xi, Yi) KEY. 


(Note 4) 
DATA EFFECTIVE TIME DATA EFFECTIVE TIME 
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KEYBOARD ENCODER 


FUNCTION TABLES 


Data (B1 ~ Bg) Invert Strobe (STO) Invert Parity (Bg) Invert Mode Select 


DSI Code table {Data output P4 Code table Bg S C iad 
(Pin @) |(Bt~B9)| (Bi ~Ba) (Pin®) (Bg) (Pin@) (Pin@) | (Pin @) oe 
L M4 


Le ae ee ie Pe te 

re a ee a a 
ae eee ee ee a ee 

te ae ee ee eee 


Internal 
strobe 
(Note 3) 


Note 3 : The internal signal of the strobe output (STO) becomes high-level when the strobe signal is generated. 


EXAMPLE OF APPLICATION CIRCUIT 


O-5V 
Xo x4 


Y9 
KEY SWITCH 


2\ 
(7 aera (40 I 
(2am Fs (7 A 0 
44441111 
Ge Ee REYROARD 
rr ed 
gr ATX 


Yio 


B7 Y8 


B Y7 
Y6 


3 ll 


Note4: Ri=1.5MQ, Cy=0.001 uF provides approximately 1.5ms delay time. 
5: R2=75kQ, C2=50pF provides approximately 50kHz clock frequency. 
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KEYBOARD ENCODER 


TYPICAL CHARACTERISTICS (vcc=— t2v, Vop= 0 v, Vss= 5 V) 


_ CAPACITANCE VS. | CLOCK FREQUENCY VS. 
STROBE DELAY TIME RESISTANCE 


T= 25° Cc 
Ri = 680kQ VA 


CAPACITANCE C4 (pF ) 
CLOCK FREQUENCY f(¢) (kHz) 


STROBE DELAY TIME t D( STO) (ms) RESISTANCE R2(kQ ) 
ON RESISTANCE OF OUTPUT DRIVER POWER DISSIPATION VS. 


VS. POWER SUPPLY VOLTAGE AMBIENT TEMPERATURE 


ee “—— 
g = 
Z E 
(o} no) 
oD aa 
3 
oO ed 
2 a 
< D 
” Y” 
(Tp) a 
ea iT 
S 2 
a. 

8 

SUPPLY VOLTAGE Vag. (V) AMBIENT TEMPERATURE Ta (°C ) 
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KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 


DESCRIPTION 


The M58609-04S is a standard product of the M58609- 
XXS. the 8-bit codes specified in JIS C6220-1969 “Codes 
for Information Interchange” are stored in this ROM. The 
codes can be odd or even parity. The function, pin con- 
figuration and electrical characteristics are the same as 
those of an M58609-XXS. 


FUNCTION 


Data output and parity output 

The relationships between B,~Bg in the code table and B, 
~Bg in data outputs are shown in Table 1, and those be- 
tween the parity output By and the parity bit, in Table 2. 
The parity bit in the table is defined as a ‘O’ when the 
number of ‘1’s in the code B,~Bg is odd and a ‘1’ when it is 
even, 

Mode selection is shown in Table 3. 


~ CODE TABLE (JIS-C-6220- 1969) 


NUMBER 
OF BITS 


PARITY BIT 


MIMI MIN) OM) 2 
O;fajAyol;c 
ay <<) TH 


n<jF irl o > 
O};DinN al A Al o| Mio] 2 
MmlALO 


Pe 
se ie Oo 
Gili ~ on WIN zy 

/Q 

° 

faal 
3 : 


ila 


* Bg) parity is odd for an 8-bit code system. 


Table 1 Relationship between code table and data outputs 


Data strobe 
invert input 
DSI 


Bi ~ Bs 
Code table 


Data output 


Bi ~Bsa 
Positive logic 


i 
a re 
pT rest ce | 
Pe 


a ae Sere ee 
ak aa See 
a a a a 
na ie ee ee 


Table 2 Parity output 


Pl 


Parity cutput 


Control input 
Selected mode 
C 


CON OUNE COUR NCO ceoee 
Ba Ses Ue aIS eSB elela 2 
Leste tet slob elas fel lel-[- 
rEELEEELETHELE EEE 


Note: A ‘1 or ‘QO’ in the code table indicates that the output level goes high for ‘1’ and low for ‘O’ when input DSI and PI are low-level. 
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KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 


CODE ARRANGEMENT TABLE 


cane can 


x4 
NUL 


2 
Pee ee 
aN 9 
ssn ee ee | 
fee i SO Oe Oe ae 


b4 
x 


| 


i 


< 
fon] 


oo ~~ 
©} O 
bl > 
ZiZz 


~< 
wo 

2) 

oO 

m 

< 
O10 
vIV 


wl ol ola 
C}c|Ccichel|S 
eel Ave} Reel Avy 


SYMBOLS AND THEIR NAMES 


~< 
on 
ue) vel deed tee) 
NL OHO| OM 


TIT|T HT IO;O;O;OR 
THE TH 71) TF | | 2} 


~ 


X/Y/Made in code Col/Row | X/Y/Mode in code 
[T [exclamationmak —SSC~C~—“‘“dSC tC eC 
|” | Quotation mark, umlaut | 22 LTR 
| $ | Dolarsgn  Csi‘iRC C2 /8/2 
P& | Ampersand SSS~*~“~*~*~*~‘sSCi BC HB 
|! | Apostrophe, acute accent | 27 7/2/2 | —_| Underline 3/6/2 
| | Graveaccent CT OO 79/2 
ight parenthesis 
[| Asterisk, multpication sign | 2740 [7/10/2 | — | _1 _| Separate sign, logical add sign 
Positive sign, plus sign Right brace 
-. _| Comma [| Overiine, logicatnotsgn ———S«dY~7 718 ‘fase 
[=| Negative sign subtraction son” | _2713 |a/to/i~4,3/a71] |. | Japanese period SSSC*d;CN 
[Period SS—S—C—C—C—CStiC 8 BGA ATAIA_| [CF _| apanese initial quotation mark __—*|'10,72 
[coon SSCS 8 HO VAG |S [panes comma 
Ps | Semicolon CCidLC LO | + | Middedot Cd 
[=~] tong vowel mak SCSC~C~C~C~‘ 
P =f equalsign 813 0/8/41 ~4,3/1/2 |” __| Voiced consonant'mark_ | 83 14 
|__| Semi-voiced consonant mark 
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MS8620-XXXS 


KEYBOARD ENCODER 


DESCRIPTION 
The M58620-XXXS is a keyboard encoder for solid-state 
switches and is fabricated with P-channel aluminum-gate 
MOS technology. 

All codes are stored in a 3640-bit ROM. It can store 
codes for up to 91'keys, and each key can have 4 mode 
shifts. The mode shift is selected by the combination of 
shift input, control input and shift control input. The out- 
put consists of a 9-bit plus parity bit code. All inputs and 
outputs are T TL-compatible. 

Custom programming is available. The XXX in the type 
code stands for a 3-digit decimal number that identifies 
the customer’s specification to which the ROM has been 
programmed. 


FEATURES 

All inputs and outputs are TTL-compatible 

Output buffer register 

Strobe inhibit circuit for unused codes 

One shot output (the pulse width is variable) or static 

output for strobed output 

@ Chip enable terminal 

@ 2-key rollover capability (N-key rollover is also available, 
if the logic output of the switches is pulsive) 


APPLICATION 
@ €ncoder for full-keyboard terminal equipment 


FUNCTION 

The output of each keyboard switch is connected to 2-key 
inputs selected from K,;~K,4 (2 of 14) to form 91 ad- 
dresses. Therefore, the character code for output is selected 
by 2 of 14 key inputs, shift input, control input and shift 


ANY KEY DOWN OUTPUT REPEAT CONTROL INPUT STROBE CONTROL INPUT 


BLOCK DIAGRAM - gf 


(Vv) Vss Q8) 
(OV) Vop G9) 


(-!2V) Vag 40) 
INPUT 

CONTROL !C(6) 
INPUT 

Ki (2) 


3640(91 X 4 410) BIT 
MASK-PROGRAMMABLE ROM 


KEY INPUTS 


e 
=) 
es) 
Ss 
Oo 
tt 
> 
a 
= 


ADDRESS ROM 


STROBE TIMING CIRCUIT 


PIN CONFIGURATION (TOP VIEW) 


TEST INPUT TEST-[1] 


40] Vac (—-12V) 
Vpop (OV) 


K2—-> Vss (5V) 
KEY INPUTS 
ATA ACKNOWLEDGE 
K3 >] EIeDAKN r 
STROBE CONTROL 
CONTROL input CLE. re-RC INPUT) CONTROL 


34}4-CE CHIP ENABLE INPUT 
33] ST O STROBE OUTPUT 


K7 [9] 321+ AKD ANY KEY DOWN 
Kg —> + PARITY INVERT 
: 3i1«-PI INPUT 


SXXX-0298SW 


KEY INPUTS Kg Lt) 30}->B10 PARITY OUTPUT 
Kio —>Bs 
Ki Lg 28]-» Ba 
Ki2> [14 27|+ B7 
K13->[15 26|—> Bs 
Kia lt6 25]-> Bs } DATA OUTPUTS 


SHIFT INPUT S—>[17) 
CONTROL INPUT C->{18) 
SHIFT 
CONTROL INPUTSC US 

DATA INVERT INPUT DI —>[20 


24} > Ba 
23] >B3 
22|-» B2 
21] Bi 


Outline 40S1 


control input. 

When a key is depressed, the output of that keyboard 
switch is applied to two key inputs selected from Ky~Ky4; 
the address ROM generates an address that is used for input 
to the 3640-bit ROM. After the encoded data from the 
ROM is transferred to the buffer register, a strobed output 
is generated, validating the encoded data. 


CHIP ENABLE INPUT 
‘> CE 


Yy—-— 
DATA ACKNOWLEDGE 
ee DAK |NPUT 
CE 8 STO STROBE OUTPUT 


DATA OUTPUTS 


om 
Ud 
kK 
Y 
oO 
uu 
oa 
oc 
Lu 
LL 
LL 
=) 
a 


OUTPUT DRIVER 


+8 Bio PARITY OUTPUT 


P 
SELECT G0)D1 DATA INVERT INPUT 
Gs 
(1) TEST TEST INPUT 


if bd ____.—___ 


SHIFT INPUT S C SC SHIFT CONTROL INPUT 


CONTROL INPUT 
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KEYBOARD ENCODER 


OPERATION 

1. 2-Key Rollover (N-Key Lockout) 

When more than 2 keyboard switches are depressed at the 
same time, all outputs 1~91 of the address ROM go high- 
level, and the 3640-bit ROM is not addressed. The internal 
key input signal also is not applied to the timing circuit; as 
a result, a strobe signal is not generated. Also, the coded 
outputs hold the preceding state. Then, if any one key (key 
1) is not released while the other keys are, key 1 becomes 
valid. 

2. N-Key Rollover 

If the key input signals are pulsive, the primary depressed 


key (key 1) is read; after the coded output of key 1 is trans- 


ferred to the buffer register, a strobe signal is generated and 
the coded output becomes valid. Then, if a second key is 
depressed while key 1 is in the depressed state, the second 
key (key 2) is read; and the coded output of key 2 is trans- 
ferred to the buffer register succeeding the coded output of 
key 1 described above. A strobe signal is generated, and the 
coded output becomes valid. Then if a third, fourth... Nth 
key is depressed while preceding keys are still in the de- 
pressed state, its code will become valid as described above. 
3. Any-Key-Down Output 

When any one or more of the 91 keys are depressed, an in- 
ternal any-key signal is transferred from the address ROM 
to the timing circuit where an any-key-down signaf (AKD) 
is generated. 

4. Strobe Inhibit When an Unused Code Is Addressed 


If either an unused mode of the 4 modes or an unused key © 


is selected (its ROM code is OOO0O000000), the strobe output 
is inhibited and it makes the key invalid. The data output 
still holds the preceding state. 
5. Repeat Function | 
When a repeat signal is applied to the repeat control input 
(RC), a strobe signal is repeatedly generated so that any 
character can be repeated. The strobe signal is inhibited 
when the RC terminal is high. | 
6. Data Acknowledge Input 
The strobe output is reset by applying a data acknowledge 
input. The pulse width of the strobe signal output can be 
adjusted with a resistor and a capacitor connected between 
the strobe output terminal (STO) and the data acknowledge 
input terminal (DAK). 
7. Data Invert and Parity Invert Inputs 
The level of each output B,;~By and Bio can be inverted 
when data invert input (DI) and parity invert input (PI) are 
high-level. | 
8. Chip Enable Input 
Data outputs B,;~Bjio, strobe output and any-key-down 
output are in the floating state when chip enable input (CE) 
is high. | 

_ This floating state means a high-impedance state and is 
equivalent to an open-circuit output. 


9. Input Control Input 

When input control input (IC) is high, key inputs (Ky~Ky,4) 
can be operated with high-level signals. 

10. Strobe Control Input 

The strobe delay time can be set by the strobe control 
input STC terminal. The deiay time is set totdst-p), which 
depends on the internal delay circuit when the strobe con- 
trol input terminal is connected toVss. 

11. Test Input 

Data outputs (B;~Bi9) can be independently set either high 
or low irrespective of the 3640-bit ROM outputs. When 
test input (TEST) is high, B;~Bio goes high if both DI and 
P! are low, and B,; ~B,o9 goes low is both DI and PI are high. 
12. Pull-up Resistors 

External resistors are not required because pull-up resistors 
are built-in at all input terminals. But if the strobe control 
input terminal is not used, it should be connected to Vss. 
To determine the value of the resistor required, see Elec- 
trical Characteristics. | 


Pull-up resistors 


Vop Vac 
Kim Kaa 
Ki~ Kua 
S;6.:ScC IC, TEST 
RC, CE DAK, Pl 
DI 
Vss Vss 
(ajiIC="H”" (b)IG="L” S, C, SC, RC, iC. TEST 
K1~K 44 INPUT CE INPUT DAK, PI, DI INPUT 


Table 1 Data-output level in 
relation to data invert (Dl), 
parity invert (Pl) and chip 
enable (CE) 


Table 2 Function table of 
the mode select circuit 
C 


63) 


Note 1 : Z indicates a floating state. 
2 : The code table is described in 
positive logic, for outputs Bs 


—~ Bio, when DI and Pi are low. 
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KEYBOARD ENCODER 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Operating free-air temperature range —20~75 


Conditions 


With respect toVsgs 


RECOMMENDED OPERATING CONDITIONS (tTa= — 20~ 75°C, unless otherwise noted) 


Symbol Parameter 
Voc Supply voltage 
VDD Supply voltage 
Vss Supply voltage 


VIH High-level input voltage, ail inputs except STC 
Low-level input voltage 
Rise time ({0~ 90%), all inputs except DAK 
|} te | Fall time (10~ 90%) 
Rise time (10~ 90%), DAK 
Fall time (10~ 90%). DAK 


ELECTRICAL CHARACTERISTICS (tTa=—20~75°c, Vac=—12V 410%, VoD=0V, Vss=5V +10%, unless otherwise noted) 


Symbol Parameter Test conditions 


High-level output voltage IOH=— 100A 


Low-level input voltage loL=1.6mA, (Note 2) | | 
Input current. TEST, IC, Dl, Pl, and DAK Vi=VGG Rt 


Input resistance, 1C, Pl, DI, DAK, and TEST Vie=Vss, Ta=25C 
Vi=Ves, Vidoy=Vin, Ta=2se | 10 | 20 | 40 | xo 
| Pa | Power dissipation Ta=25C 


; All terminals except the tested terminal are OV. 
Ci Input capacitance 15 pF 
Vi=OV, Vrms=25mV, f =1MHz 


Note 1: Current flowing into an IC is positive; out is negative. 


2: When all outputs are at lOL=1.6mMA, VoLmax=0.6V 
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KEYBOARD ENCODER 


SWITCHING CHARACTERISTICS (Ta=25°c, Vag=—12V + 10%, Vop=0V, Vss=5V +10%. unless otherwise noted) 


Limits , 


Test conditions (Note 3) 


Typ Max 


| 
_ = 
ra) = 


—_> | 
or; © 


30 
2 7 


td (ST-B) | Delay time from B4~ B10 to STO * 7, tx, CL=50pF, STC-Vss shorted 
Delay time from key input (OFF) to AKD * 8, tx, CL =50pF 


tD(ST-KOF)| Delay time from key input (OFF) to STO * 9, tx, CL=S0pF 


t (ST-RC) 
Delay time from DAK to STO * 11, tx,CL=50pF 
DAK pulse width | 


oO 
~ 


WwW 
wo 


NO 
Oo 


#13, tw 
STO pulse width tw, CL=50pF, STO-DAK shorted 


Note 3 : See the Timing Diagram for ‘tw’and‘tx’. Numbers 1 through 13 in the diagram correspond to *1 through *13 above. 


TIMING DIAGRAM 


ON 


see on 
(Ki, Kj) 
OFF a —| 
Key2 
(Km, Kn) | | 


ne 2 
KX hk |X X | |X XA 


ii] \ 


Na // 
STO 

\\\// 
AKD 
DI, PI 


Note 4 : ma \\\e// Center line indicates the 
floating state. 
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KEYBOARD ENCODER 


TYPICAL CHARACTERISTICS (Voc=—12V, Voo =0V, Vss=5V) 


STROBE DELAY TIME VS. 
CAPACITANCE 


MEASUREMENT 
CIRCUIT 


M 58620 


STROBE DELAY TIME td (st-B8) (ms) 


0 
0 2000 4000 6000! 8000 10000 
CAPACITANCE C (pF ) 


STROBE WIDTH VS. 
CAPACITANCE 


MEASUREMENT R=15.8k2 


CIRCUIT 


STROBE WIDTH tw(sTo) (“S) 


0 
0 2000 4000 6000 8000 


CAPACITANCE C (pF ) 


TYPICAL APPLICATION CIRCUIT 


KEY SWITCH 


IU. REPEAT PULSE 
—J”L. REPEAT COMMAND 


5V 


STROBE DELAY TIME VS. 
RESISTANCE 


Ta=25°C 
C = 4700p F 


STROBE DELAY TIME td (ST-B) (ms) 


RESISTANCE R (MQ) 


STROBE WIDTH VS. 
RESISTANCE 


STROBE WIDTH tw(STO) (48S) 


RESISTANCE R (kQ) 


Use a key switch having outputs that are open-collector, 
or mutually separated by diodes. 
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KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 


DESCRIPTION Table 1 Relation between code table and outputs 


Bi ~Ba Data invert input Data output 
in cade table DI Bi~Bs 


foo ee ee A 
a 
c 
eel A eee STS 


The M58620-001S is a standard product of the M58620- 
XXXS. The 7-bit and 8-bit codes specified in JIS publica- 
tion C6220-1969 ‘Codes for Information Interchange” are 
stored in this ROM. Odd parity is available for the 7-bit 
code, and either odd or even parity for the 8-bit code. The 
function, pin configuration and electrical characteristics are 


the same as a M58620-XXXS. Table 2 Parity output of 8-bit code 


FUNCTION wate Parity invert output : Parity output 
Parity bit 
P| Bio 


aa ie Piceiann “oie 
ne aa ees eee 
ie ee eee Sea 
Se ae ee eee 


Negative logic 


The relationships between B,;~Bg in the code table and B, 
~Bgs in data outputs are shown in Table 1, and those be- 
tween the parity output (B;9 or By) and the parity bit, in 
Tables 2 and 3. The parity bit in the tables is defined as a 
‘O’ when the number of ‘1's in the code (B,;~Bg or B,;~B-) 
is odd and a ‘1’ when it is even. 

Mode selection is shown in Table 4. 


Table 4 Mode selection 


ift i Control input Shift control input 
Shift input inpu i p siacied trade 
S C SC 


CODE TABLE (JIS-C-6220- 1969) 


ag 0 oe oe Pore) 8 ee 
pe ea CT Ta i ST EH 
a ae 
| ee ee a ee ee 
ee 
PARITY NUL | DLE | SP @ : tS 
ne Roo toh son) Dero nate lo or de ic eee ed 
rol1poel2 [stx | pet” |2[elrRt_ LL LL tbr yo 
Po Pala sere oes] eis heel 1 Tt a ore et 
Se 
pelts | ene TNA es Sle luis i) ae en 
r+p1 pepe pack | syn ta lelriv il. LL 1a labetab tL 
[wheat [een ere | | ele wh el eee 
ro pope [se [es |cantcelHixi tL PL LaLa Le pe 
hoo | sar eM ie ey ki ee ee 
roto (ibe bets pen 2 ae i ee oe 
Ott pia we esc ociuciic | i eae eee 
rt) oleae |. i, telee 1 it i. [ehelo po) io 
PRITiT GEERT RT 
So > + >a 
Pet ios dss oe lk ote ee el ee 


* Bg is an odd parity bit for the 7-bit code(B1~ B7). 
+ Bio is an odd parity bit for the 8-bit code (B1 ~ Bs). 
Note : When inputs DI and PI! are low-level, a ‘1’ in the code table indicates that the output level goes high, a ‘0’ that it goes low. 


MITSUBISHI 
8—14 a ELECTRIC 


MITSUBISHI LSIs 


MS8620-001S 


KEYBOARD ENCODER (JIS CODE STANDARD PRODUCT) 


CODE ARRANGEMENT TABLE 


eee Nee Une ee oe i ee Nd WA gl ge ee a Cl weet A A | 
es SAE eae (eee) Aen aaNet eee See 
ee ee eee ee ee ee ee ee 
fee selon es = ease eee ee ee i ten te eS Ue eel ee Ml al Saree 
a ee ae a a ee ee a a ee ee a es ee ee ee ee 
oe Seamer, (ARRAS na (ea (a (ce [oe ea Oe es eee 
a eo eee Sell deatosee dlc: oct al nS Se cee ee ai eee ee ell sh cal eet el ae 
LS eret ae ee eae Se CS 
i‘ Se Sa SC EE (a SECRSINC cae ESRC SNS] RCT ESE 
q 
asi ae a ee ee ee ee ee ee ee ee ee ee eee 
ee ee ee | + 
EE EE (ae ee ae ee 
| 4 oe ape alls OC ee Be fe oe es re ee |) eg ee ge 
Fae 
i = poet se son stx | erx [gor [eno 
eae ee i ENO 
ie sae ee a > ae ee sou | stx | etx | eot {| ENO | 
ft 
” 
: 
| 4 
aa | DLE | DC2 | DC3 | NAK | 
‘ DC1 DC2 
i Georg. ae T DLE | bc1 | DC2 [| DC3 | NAK | 
| 4 | DLE | DCr | | _NAK_| 
ae | ETB | CAN | | ESC | 
ee LSE TB. CAN: | i ees 
ie | ESC | 
NUL + 
a a 
Pt 
od ea ae 
| | 
i= cillisentl 
[4 
ae we =| 
a oa 
= ae 
a | 


¢) 
~< 


Symbol Code name | Col/Row |km/kn/Mode in code Symbol Code name Col/Row |km/kn/Mode in code 
in code table, arrangement table in code table arrangement table 


ouasion ark 
Tear wa 
pation amu _1_272 {is (eal2 Left bracket 
Number sign Yen sign 
Ps} bole sgn” 27a [kr kaye 
| %_| [Ke /Ka/2 | | 
ee 
K13/ K3 /2 
: 1 [Separate sgn ogee aad sgn 7a [kr 7 Ks 72 
| aah bese 
cS one a 
egative sign, subtraction sign Ki4/Ka/i x 


Japanese initial quotation mark 


| 2 | Japanese period 
Seal 
lash, virgule division sign, per 
, 
emicolon 
ess than sign 3/12 
qual sign 3/13 |Kia/Ka/2 x 
Greater than Sn aia [Ke Ke 2 


* See K11~K 44/K 9/1 -~4 


r 
J 


apanese final quotation mark 


efi. | J 

|, | Japanese comma 

| + | Middle dot 

= [ong vowel mare 0 
|< | Voiced consonant mark | 13 14 


fe) 


Ol|n)-s 
O|a|o 
= 5. 

fo} 
S ol 


THM 


Me EN EEE EL 
Zz 
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Alternative Designation 8255 


PROGRAMMABLE PERIPHERAL INTERFACE 


DESCRIPTION 

The M58740P and M58740S are general-purpose program- 
mable input/output devices designed for use with an 8-bit PIN CONFIGURATION (TOP VIEW) 
parallel M58710S CPU as input/output ports. This device 
are fabricated using N-channel silicon-gate ED-MOS tech- 


nology for a single supply voltage. They are simple input = | [NPUT/OUTFUT INPUT/OUTPUT 
a PORT A 
and output interfaces for TTL circuits, having 24 input/ 
output pins which correspond to three 8-bit input/output MEMORY WRITE 
READ INPUT CONTROL SIGNAL 
ports. CHIP SELECT 
FEATURES 


PORT ADDRESS 
24 programmable I/O pins ReUre 


Single 5V supply voltage 
TTL-compatible lor = 1.9mA (max) 
Fully compatible with MELPS 8 microprocessor series 


DATA BUS 


SOLES 


Direct bit set/reset capability | INPUT/OUTPUT 
A source current of 1mA at 1.5V for Darlington transis- POR 
tor direct drive 

@® Interchangeable with Intel’s 8255 in terms of function, 


electrical characteristics and pin configuration. Sale» PBS | INPUT/OUTPUT 
PORT B 


APPLICATION BP eons ieee 


® |nput/output ports for MELPS 8 microprocessor 


Outline 40P1 (M58740P) 


FUNCTION 40S1 (M58740S) 


The M58740P and M58740S have 24 input/output termi- 
nals which may be individually programmed in two 12-bit bit data port, which may be programmed to be an input or 
groups A and B with mode control commands from aCPU. an output, and one 4-bit control-data port used for hand- 
It is used in three major modes of operation, mode 0,mode = shaking and interrupt control signals. Mode 2 is used with 


1 and mode 2. group A only, as one 8-bit bidirectional bus port and one 
Operating in mode O, each group of 12 pins may be  5-bit control port. 
programmed in sets of 4 to be inputs or outputs. In mode 1, Bit set and reset is controlled from a CPU. A high-level 


the 24 1/O terminals may be programmed in two 12-bit reset input (RESET) clears all internal registers, and they 
groups, group A and group B. Each group contains one 8- are set to the input mode (high-impedance state). 


BLOCK 
DIAGRAM i 
(5V) Voce 


GROUP 
(OV) GNDQ@) A INPUT/OUTPUT 


8 
. aera. 
PORT A PORT A 
; CONTROL 
(8 -BIT) 
b7 @?) 
} =m ee 
D5 @) GROUP A maeae ”. PCT 
Da <a DATA BUS PORT C Poe PC6 
DATA BUS { p, ae (MOST SIGNIFI- eeuesenes © PC5 


GROUP 


J———]_ BUFFER 
Ee aaa 8-BIT SEALS) (3)PC4 INPUT/OUTPUT 
ae aaa INSIDE GROUP B meee” PC3} PORT C 
G4) PORT C (6)P C2 
DATA BUS (LEAST SIGNIFI- 9 PC1 
READ INPUT RD (5) ° CANT 4 BITS) qa) PCO 


READ/WRITE 
CONTROL 
CIRCUIT 


INPUT/OUTPUT 
PORT B 


PORT ADDRESS 
INPUTS 


a an 
RESET INPUT RESET @5) 


CHIP SELECT CS@) 


WRITE INPUT i an 
| A; (8) 


(8-BIT) 
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Alternative Designation 8255 


PROGRAMMABLE PERIPHERAL INTERFACE 


ABSOLUTE MAXIMUM RATINGS 


a 
i 8: 


T. Storage temperature range M58740P —40~125 
a M58740S Se oie 


RECOMMENDED OPERATING CONDITIONS (Ta=0 ~ 70°C, unless otherwise noted) 


Symbol Parameter 
pores fm 
5.0 


[Vos [Suovvotge —SSCSC—~—“~*S*S*~S*S*~—CS~—i TH PO | Bw | 
ee 
A 


Vss= OV, loL=1.9mA 
Vss= OV, VoH=1.5V, RExT=390Q 


Note 1: Current flowing into an IC is positive; out is negative. 
2: 10oH=—100uA for D7 through Do 
3 : It is valid only for any 8 input/output pins. 


TIMING REQUIREMENTS (Ta=0~70°C, Voo=5V 5%, Vss=OV. unless otherwise noted) 


Limits 


Symbol Parameter 


4 
< 
1°) 


® 

x 

G 
> 


n 


450 


=) 
n 


Write pulse width 


tsu(DA-wA)| Data setup time with respect to write 


th(DA-wR Data hold time with respect to write 


tsu(AD-wR)| Address setup time with respect to write 35 


th(aD-wa) | Address hold time with respect to write 20 


tw (WR) 


a3 
163) 


3 
a 


= 
®) 
ras) 


7 


N 
Oo 


tsu(GS-WA)| Chip select setup: time with respect to write 


th (CS. 
(FD) 
th(PE-RD) Peripheral hold time with respect to read 


th(AD-RD) Address hold time with respect to read 


fe a 


ino 
res 
i STE 
tniee-STB)| Pooh od te wih east ovcbe 180 


35 
430 
50 
50 
380 
5 
500 
350 


tsu(OS-Ab) | Chip select setup time with respect to read 


= 
i?) 
Cc 
=a 
a 
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Alternative Designation 8255 


PROGRAMMABLE PERIPHERAL INTERFACE 


SWITCHING CHARACTERISTICS 
(Ta=0~70°C, Voc=5V £5%, oad =50pF 1T TL, unless otherwise noted) 


Symbol Parameter 
LPHLCWR Propagation time from write to output 
tPLH(WR 


Propagation time from read to output 
texz(RD-DA) Propagation time from read to output floating 


WR-PE) 
R-PE) 
tpzx(AGK-PE) | Propagation time from acknowledge to output 
tpxz(AcK-pe) | Propagation time from acknowledge to output floating 
R-OBF) 


TIMING DIAGRAMS eererence LEVEL =1.5V 
Mode 0 Basic Input 


tw(RD) 
RD 
t su (PE-RD) th (PE-RD) 
tsu(AD-AD) th(aD-RD) 
tsu (S-AD)  th(SS-RD) 
CS 


| tPZXx (AD-DA) . tpxz (RD-DA) 


. | LU] | aN 


Mode 0 Basic Output tw(WA) 
WR 
tsu(DA-WR) Th (DA-WR) 
eas 2 eae ee 
tsu (AD-WR) th (AD-WR) 
tsu(CS-WR) 

cs 

TPHL(WR-PE) 

TPLH(WR-PE) 
OUTPUT 


MITSUBISHI 
ELECTRIC 8—19 


MITSUBISHI LSIs 


MS8740P, MS8740S 


Alternative Designation 8255 


PROGRAMMABLE PERIPHERAL INTERFACE 


Mode 1 Strobed Input tw(STB) 
sre a 
TPLH(STB-IBF) 


IBF 


t PHL (RD-IBF) 
INTR 


tsu(PE-STB) th(PE-STB) 


ee ee 
ane //, Nt ae ane sid caa eaten van ae 
a q 


Mode 1 Strobed Output 


tw(WwR) 
WR 
tPHL (WR-OBF) tpLH(ACK-OBF) 
INTR 
| tw(ACK) - 

ACK tPHL(WR-PE) ; 

TPLH(WR-PE) 
OUTPUT 


Mode 2 Bidirectional 


WR ee 
t PHL(WR-OBF) 


mammal eae 


tw (STB) | berresccomn 


GDR IE aa 


IBE tPLH(STB-| BF) 
tsu(pe-sTe) | th(Pe-STB) tezx(AGK-PE)| tpxz(ACK-PE) tPHL(RD-| BF) 
eee a | 
Seaa Renee ease Se 
ve XK yy Q y 
RD 
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Alternative Designation 8224 


CLOCK GENERATOR AND DRIVER FOR CPU M5S8710S 


DESCRIPTION 


The M54550P is a clock generator/driver for M58710S or 
8080A CPUs. It is controlled by a crystal, selected by the 
user, to meet a variety of system speed requirements. It is 
fabricated by using Schottky TTL technology. 


FEATURES 


@® Crystal controlled for stable clock frequency generation 
@ Clock outputs ¢,, d2, and ¢,(TTL level), and an oscilla- 
tor output are brought out 

Power-up reset for CPU auto-reset 

Status latch signal 

Synchronizing ready signal output 

Interchangeable with Intel’s 8224 in terms of pin con- 
figuration and electrical characteristics 


APPLICATION 


@ Single chip clock generator/driver for M58710S and 
8080A CPUs 


FUNCTION 


When an 18MHz crystal is connected between XTAL1 and 
XTAL2, clock outputs ¢,, ¢2, and @2(TTL level), along 
with oscillator output, are brought out for a CPU with a 
basic cycle time of 500ns. At this time, ¢, pulse width is 
110ns (2X55ns), @2 pulse width is 275ns (5X 55ns). When 
an overtone mode crystal is used, the external LC network 
is connected to the TANK input to provide additional 
gain. 

If an external RC network is connected to RESIN at 


BLOCK DIAGRAM 


CRYSTAL 
TERMINAL 1 XTAL 1(15) 


CRYSTAL 
TERMINAL 2XTAL 2 © 


TANK 
TERMINAL TANK ® 


(2V) Voo (9) 
(5V) Voc (16) 


(ov) GND o 


SYNCHRONIZING 


OSCILLATOR 


rags) 


INPUT 2 YNC 


RESET INPUT RE SIN(2) 
SCHMITT CIRCUIT 


READY INPUT RDYIN (3) 


CLOCK GENERATOR 


PIN CONFIGURATION (TOP VIEW) 


RESET OUTPUT RESET < [1 16} Voc (5V) 


RESET INPUT + XTALI care 


CRYSTAL 
Wa] <— XTAL2 TERMINAL 2 


¢ TANK. TANK TERMINAL 
OSCILLATOR 
OUTPUT 


CLOCK ¢ | 
OUTPUT 
CLOCK $2 
JUTPUT 


(12V) 


READY INPUT 


SYNCHRONIZING 
INPUT 

CLOCK $2(TTL) 
output 22( TTL) [6 


STATUS STROBE STSTB 
output >! © 


(OV) 


Outline 16P1 


system power-up time, a reset signal is generated; and the 
system is reset automatically. When a signal from a CPU is 
applied to the SYNC, STSTB is generated. The RDYIN 
input sends a synchronous “wait request” signal to the in- 
ternal D-type flip-flop, and a synchronized READY signal 
is generated. 


I 


) OSCILLATOR 
Ole OUTPUT 


CLOCK #1 


(1) gi = OUTPUT 
CLOCK ¢2 


(10) 42. © OUTPUT 
i <a: ee 
(6)d2(TTL) g2(TTL) 
t OUTPUT 
STATUS 


STROBE 
OUTPUT 


(7) STSTB 


RESET 
REET OUTPUT 


READY 


READS OUTPUT 
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Alternative Designation 8224 | 


CLOCK GENERATOR AND DRIVER FOR CPU MS8710S 


[veo | Sewer 
: 
FP 


ABSOLUTE MAXIMUM RATINGS (Ta=0 ~75°C, unless otherwise noted) 


Operating free-air temperature range 
Storage temperature range 


RECOMMENDED OPERATING CONDITIONS (tTa=0 ~75°C, unless otherwise noted) 


Unit 


Symbol 


Test conditions Min Typ Max 


Parameter 


H ‘High-level input voltage, RE SIN 


ViH— Vit | Input hysteresis voltage. RESIN Voco=5.0V, Vop=12.0V 
High-level output voltage, dt, 42 Voo=4.75V, Vop =11.4V, lon =—100 uA | 9.4 


| Te 

Lad 

! | peo 
: on) 
bed 
es 
Lees 
[Hor ana age, cutis | Vgo™4.18V. Voo=11-4V.ton==ima [2-4 | 
ar 
as 
ML Voo=5.25V, Vop=12.6V, Vi=0.5V = 
ee 


er Voc=5.0V, Vop=12.0V 
Short-circuit output current (Note 3) 
; —. | Vo=OV, WiH=4.5V, VyjL=OV 


VIH 

VIL 

Vic 

VOH 

VOH — 
__VOH 

VOL 

VOL 


zg 
> 


tH 
los 
loo mA 


Voo=5.25V, Vpp=12.6V,Viy=4.5V 
VL=O0V 


Supply current from Voc 


= 
> 


_ 
N 


mA 


Supply current from V pp . 


Note 1: All voltages are with respect to GND terminal. Reference voltage (pin 8) is considered as OV, and all maximum and minimum values are defined in absolute values. 


_ 2: Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values. 
3 : All measurements should be done quickly, and two outputs should not be measured at the same time. Outputs ¢g1 and g2 should not be short-circuited to GND. 
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CLOCK GENERATOR AND DRIVER FOR CPU MS8710S 


TIMING REQUIREMENTS (Ta=25°C, Voc=5V, Vop=12V. unless otherwise noted) 


Parameter Test conditions 


STSTB output terminal 
CL=15pF 
RL 1=2kQ 
Ri 2=4kQ 


Symbol 


tsu(RDYIN) | RDYIN setup time with respect to STSTB 


RDYIN hold time with respect to STSTB 


SWITCHING CHARACTERISTICS (ta=25"c, Vcco= 5V, VbdDbD=12V, unless otherwise noted) 


Clock $1 pulse width 
Clock ¢2 pulse width 


Th (RDYIN) 


Symbol 


CL=20~50pF 


Delay time from ¢1 low-level to 42 low-level Rid as. “Reg ek 


Delay time from ¢2 low-level to ¢1 low-level 


Delay time from £1 high-level to d2 low-level 


TTLH Transition time, low-to-high-level d1and 2 
tTHL Transition time, high-to-low-level g4 and ¢2 
f2( TTL) Output 


td(y2-STS1B)| Delay time from ¢2 to STSTB STSTB output ore —30 
| STSTB pulse width CL=15pF, RLi=2kQ , RL2=4kQ a= 15 
td(ReapyY-¢2) | Delay time from READY to g2 READY, RESET output 


td(REseET-¢gz) | Delay time from RESET to g2 CL=10pF, Ry y=2kQ , Ry 2=4kQ 9 


Note 4 : Measurement circuit: & Voc 
Ria Voltage measurement points: 


C,=20~50pF 


@ |e |e |z |Z 
2 ee ee 
& le |S 
Ee le 


aa 
= 
io?) 
<4 
n 
a 
ie) 


TIMING DIAGRAM REFERENCE LEVEL =1.5V 
tw?! 


tTLH tTHL 
8.0V 
Pf 


td(diL-d2L) 


tc 


8.0V td(f2_-Aiv) 


2 tw( g2) 
td (diH-2L) 4.0V 
t g( ¢2-d¢2(TTL) ) td(d2-f2(TTL)) 
d2(TTL) 
| Ud (2-STSTB)  WSTSTED -Nets'e 
STSTB 
‘ 4 
th(STSTB) 
RDYIN 
RESIN 
_— td (READY-¢2) 
READY 
td(RESET-¢2) 
RESET 


Note 5 : The wave from is as shown by the dotted line wnen RESET is low. 
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CLOCK GENERATOR AND DRIVER FOR CPU MS8710S 


TYPICAL APPLICATION CIRCUIT 


29 Ao 
26 
27 os 
29 ae 
130 a 
A4 
31 AS 
32 
M58710S 33 - 
CPU 7 ie ADDRESS BUS 
8 
SYSTEM DMA REQ ae Ag 
‘ Ato 
40 Alt 
3] A12 
SYSTEM INT. REQ 38 A 
13 
INT. ENABLE = Ai4 
73 A15 
CO) 
orat ane 
14 15 3.0 
TANK 7 oe XTALI { . i pecua ee (Ik DBo 
osc 16 
$2(TTL) Y pte : DB2 
RDYIN | oe 
5 DB4 DATA BUS 
< 
RESIN a 18 DBs 
12V Gi pps pO DBe 
5 V x J -DB7 
GND Inta o23 INTA 
MEMR oF MEMR 
2 
oe MEMWE CONTROL BUS 
/ORTO 1/O R 
ow toe! i7o W 
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Alternative Designation 8228 


SYSTEM CONTROLLER AND BUS DRIVER FOR CPU MS8710S 


DESCRIPTION 


The M54551K is a system controller and bus driver for 
M58710S or 8080A CPUs. It generates all signals required 
to directly interface the MELPS 8 series RAMs, ROMs and 
input/output devices. A bidirectional bus driver, along with 
system control signals, provides for high system TTL fan- 
out. It is fabricated using Schottky TTL technology. 


FEATURES 

@ Built-in bidirectional bus driver for data bus isolation 

@ Built-in status signal 

@ High system TTL fan-out 

@ User selected single level interrupt vector (RST 7) 

@ Interchangeable with Intel’s 8228 in terms of pine con- 
figuration and electrical characteristics 


APPLICATION 
@® Data bus driver and_= status 
M58710S and 8080A CPUs 


signal generation for 


FUNCTION 

The bidirectional bus driver provides high system TTL 
fanout, as well as isolation for an M58710S or 8080A CPU 
data bus from memory and I/O devices. 

Status signals from a CPU are latched in the internal 
status latch when the status strobe signal STSTB goes low. 
The gating array generates control signals (memory read 
MEMR, memory write MEMW, input/output read 1/OR, 
input/output write |/OW, and interrupt acknowledge INTA) 
by gating the output of the status latch with the control sig- 
nals DBIN, WR and HLDA from a CPU. The bus enable 
input BUSEN forces the data bus output buffers and con- 


BLOCK DIAGRAM 


BIDIRECTIONAL 
BUS DRIVER 


CPU DATA BUS 


(ov) GNDG4 


(5V) Veco 8) 


STROBE CONTROL INPLT ST ST B14) 
DATA BUS INPUT CONTROL SIGNAL DBIN (4) 
| WRITE CONTROL SIGNAL WR (3) 


HOLD ACNOWLEDGE SIGNAL HLDA (2) 


aes 


Wer 


PIN CONFIGURATION (TOP VIEW) 


STROBE CONTROL ————— 
INPUT ST STB LL 


HOLD ACKNOWL- 
sere HLDA—->/2 | 
WRITE CONTROL WR-> 
DATA BUS INPUT DB|N—> 
CONTROL INL 
SYSTEM DATA BUS DBa «> 


Veco (5V) 

—> |/OW 1/0 WRITE CONTROL 
AE NAW MEMORY WRITE 

26}-> MEMW CONTROL 

25]-* 1/OR 1/0 READ CONTROL 

24). ME MR MEMORY READ 


DATA BUS Dy «>[6] 2 —> | NTA INTERRUPT ACKNOWL!- 
EDGE CONTROL 
SYSTEM DATA BUS DB7 <> rl +-BUSEN Bus ENABLE INPUT 
DATA BUS [D7 <>[8] a «*Dg DATA BUS 
SYSTEM DATA BUS DB3 <>[9) A <> DBg SYSTEM DATA BUS 
DATA BUS D3 <> “Ds DATA BUS 
SYSTEM DATA BUS D Bp «> «> DBs SYSTEM DATA BUS 
DATA BUS Dp efi] <>D, DATA BUS 
SYSTEM DATA BUS D By <> '6]¢> DB, SYSTEM DATA BUS 
(0V)GND 15]¢> Do DATA BUS 


Outline 28K1 


trol signal buffers to high-impedance state if they are in 
the high-state. 

An RST 7 instruction gated to the bus as an interrupt is 
acknowledged when the DBIN input is active and a 12V 
supply in series with a 1kQ2 resistor is connected to the 
acknowledge output INTA. 


SYSTEM DATA BUS 


DRIVER [pomeescenggrome 


MEMORY READ 
@)MEMR contro. 


MEMORY WRITE 
G)MEMW contro. 


65) 17OR 1/0 READ CONTROL 
‘e (27) 1/OW 1/0 WRITE CONTROL 


INTERRUPT ACKNOWL- 
0 @) INTA EDGE CONTROL 


— 


BUSEN BUS ENABLE INPUT 


STATUS 


LATCH 
GATING 


ARRAY 
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SYSTEM CONTROLLER AND BUS DRIVER FOR CPU MS87 10S 


ABSOLUTE MAXIMUM RATINGS (tTa= 0~ 75°C, unless otherwise noted) 


Voc 
Input voltage. Do~ D7 and ST STB input 
Vo 


a ee eee ee 
Re ene oe ee eel 
Input voltage, all other inputs Neos, te cee ee ee ke ae 
| |Ouptvotage 
Operating free-air temperature Fee ee ten ee tt 
stg See ergo 


[Sav votee —SSSCS~— IS | 8 
Hane ouput cwrent eDreams «ddd 
ah (eel biel 

: aaa aa 

Pes 


High-level output current, all other outputs 
Low-level output current, Do ~ D7 outputs 
Low-level output current , all 6ther outputs 


ELECTRICAL CHARACTERISTICS (Ta=0~ 75°C. unless otherwise noted) 


High-level input voltage 
Input clamp voltage Voc=4.75V, lic=—5mA 
VOH 
VoL 
loz 
HH 


; 
nit 


nN Ww 
> nv 
& 


fe 
é : | | , 
=) ° 
x 
> 


N 
oO 


Vec=4.75V, ViH=2.0V, Vi_=0. 8V, 
High-level output voltage. Do ~ D7 outputs ve “ cs 
IOH= —10uA 
Voc=4.75V, 

High-level output voltage, all other outputs ee 

Low-level output voltage. Do~ D7 outputs 

Low-level output voltage, all other outputs . NCE = elas 
lo. =10mA 
——— 


Voc =5.25V, 
Vo=5.25V 


loH=—imA 
ViL=0.8V, 
Three-state output current 


High-level input current, ST STB input 
High-level input current, DBo~ DB? inputs Voc=5.25V, 
Vi=5.25V 


High-level input current, all other inputs 


Low-level input current. ST STB input 

Low-level input current, D2, Dé inputs 
Low-level input current, Do, D4, Da, Ds, D7 inputs 
Low-level input current, all other inputs 


ar 
ae 

ieeeee 

ios | Shorea ouput curent wow) ——~SCSCSC*~S*~*dCNO mV, Ov | 
mee 


Voo=5.25V, Vipn=4.5V, Vi_=OV, 
Vi=0.5V 


aecans Vop=12V, RL=1kQ +10% 


He 

los 
INTA_ terminal current 
SHR coeur romyee Voc=5.25V, Vin=4.5V, ViL=0V 


Note 1: All voltages are with respect to GND terminal. Reference voltage (pin 14) is considered as OV, and all maximum and minimum values are defined in absolute values. 


2 : Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values. 


3 : All measurements should be done quickly, and two outputs should not be measured at the same time. 


TIMING REQUIREMENTS (tTa=0~75°C., unless otherwise noted) - 


: : . Limits 
Symbol Parameter Test conditions Pits 


Do~ D7 setup time with respect to STSTB ; 


Do~D7 hold time with respect to STSTB 


th (DB) DBo~ DB7 hold time with respect to HLDA 
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SYSTEM CONTROLLER AND BUS DRIVER FOR CPU MS8710S 


SWITCHING CHARACTERISTICS (Ta=25°C, Voc=5V. unless otherwise noted) 


____. ____] High-to-low-level output propagation time, from input 
TPHL(STSTB-MEMR)| ee as ee raise 
STSTB to output MEMR, I1/OR and INTA VIH=4.5V, ViL=OV, 


: Low-to-high-level output propagation time, from input CL=100pF, Rt1=5002, RL2=1kQ 
PLH( DBIN- MEMA’ Mc oF 2 red! , Meee ete. ee . 
DBIN to output MEMR, |1/OR and INTA 


TPZ1 (DBIN-D) 
Z-to-low-level, Z-to-high-level , high-to-Z-level 


TP2H(DBIN-D) 


and low-to-Z-level output propagation time, from 


tpyz(DBIN-D 
input DBIN to outputs Do~ D7 CiL=25pF, RLi=4kQ, RL2= 0Q 
t PLZ(DBIN-D) 


TeHL (0B-D) High-to-low-level and low-to-high-level output propagation 
TPLH(DB-D time, from inputs DBo ~DB7 to outputs Do ~ D7 
TPHL(WA High-to-low-level and low-to-high-level output propagation 
T PLH(WR-MEMW time, from input WR to outputs ME MW and 17/OW 


T pz (STSTB Z-to-low-level and Z-to-high-level output propagation 
tpzu(STSTB time, from inout ST STB to outputs DBg~~DB7 


TPHL(D- High-to-low-level and low-to-high-level output propagation 
TPLH(D-DB) time, from inputs Doa~ D7 to outputs DBg ~ DB7 
CL=100pF,RtL1=5002, RL2=1kQ 
tpzL(BUSEN- 0B) 
Z-to-low-level, Z-to-high-level, high-to-Z-level and 


low-to-Z-level output propagation time, from input 
BUSEN .to outputs DBo ~ DB7 


tpZH(BUSEN-DB) 
t PHZ(BUSEN-DB) 
tPLZ(BUSEN-0B) 


tPLH(HLOA-MEMR) Low-to-high-level output propagation time, from input 
LH(HLDA- 
HLDA to outputs MEMR, 1/OR and INTA 


Note 4 : Measurement circuit: 


TIMING DIAGRAM) eerereNce LEVEL =1.5V 


ot oy Iq T2 T3 T T2 
p2 f2 
eae Tw(STSTB) 
STSTE | 
| 
= 


Do~D C | 
att a [—— | tures) 


t STSTB 
= : — 
TPLH(DBIN-MEMR) 
iene = ae 


tPHL(STSTB-MEMRA) iM 
HLDA 
Bp TPLH(HLDA-MEMR) 
INTA, OR, MEMR ma, 


(AT HLDA) 
Sate (HLDA) Th (HLDA) 


(AT WRITE CYCLE) ee eile ast op =e tPLZ(DBIN-D) tPHZ(DBIN-D) 
Do~ D7 ------ 2ST SOE KX - - ---- ----------- 


(AT READ CYCLE) ai emer 
TPZH(DBIN-D) 


WR Se aeviase eo! acres 
1/OW, MEMW 


Do~D7 


CPHL (D-DB) 


DBo~DB7 =<] <q [OLH(0-DB) 


lpz_(STSTB-DB) 
tPZH(STSTB-DB) 


(AT WRITE CYCLE) 


BUSEN 


tPZH(BUSEN-DB) 
tpz_(BUSEN- DB) 


DBo~DB7 a ee ee ee ae ae ee ee oe = a a a Ge ow om an 


tPHZ (BUSEN- DB) 
tPLZ(BOSEN-DB) 
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SYSTEM CONTROLLER AND BUS DRIVER FOR CPU MS8710S 


TYPICAL APPLICATION CIRCUIT 


GND = ce Ao 
5V - a Al 
—5V ma 25 A2 
42V ae A3 
A4 
31 As 
32 
A 
M58710S 33 fa 
CPU 34 oe ADDRESS BUS 
8 
13 
SYSTEM DMA REQ HOLD 35 Ko 
4 Ato 
40 Ait 
14 37 A112 
SYSTEM INT. REQ 38 . 
13 
16 
INT. ENABLE 7 Aig 
13 Ais 
© 
a Ge eo 
14 HDLA DBIN WR 
TANK D 13 DBo 
osc 9 el 16 DBI 
$2( TTL) uu DB2 
RDYIN 3 DB3 
S) DATA BUS 
z DB4 
RESIN e 18 DBs 
12V Gop. 20 DBs 
5V x u DB7 
GND 23 NTA 
vee om MEMR 
ae EMW-ECONTROL BUS 
A ee 1/OR KO 1/O R 
BUSEN —_———————-> | 1/0 W H2/ i7o W 
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8-BIT INPUT “OUTPUT PORT 


DESCRIPTION 


The M54552P is an input/output port consisting of an 8-bit 
latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip- 
flop for the generation and control of interrupts to a 
microprocessor. It is fabricated using bipolar Schottky 
TTL technology. 


FEATURES 

@ Parallel 8-bit data register and buffer 

@ Service request flip-flop for interrupt generation 

® Three-state outputs 

@ Low input load current: liL = absolute 250uUA (max) 

@® High output sink current: low = 16mA (max) 

@® High-level output voltage for direct interface to a 


M58710S CPU: Vou = 3.65V (min) 
@ interchangeable with Intel’s 8212 in terms of electrical 
characteristics and pin configuration 


APPLICATION 


@ |Input/output port for aM58710S CPU 

@ Latches, gate buffers or multiplexers 

@ Peripheral and input/output functions for microcom- 
puter systems 


FUNCTION 


Device select 1 (DS; ) and device select 2 (DS,) are used for 
chip selection when the mode input MD is low. When 
DS; is low and DS, is high, the data in the latches is 
transferred to the data outputs DO,~DOQx; and the service 


BLOCK DIAGRAM 


STROBE INPUT STB @1) 
MODE INPUT MD (2) 


DEVICE SELECT ps, (1) 


} DEVICE SELECT DS2 y— — 
DI; @) 


DATA INPUTS 


PIN CONFIGURATION (TOP VIEW) 


DEVICE SELECT Voc (5V) 
MODE INPUT aa INT INTERRUPT CONTROL 
DATA INPUT 22}¢-Dlg DATA INPUT 

DATA OUTPUT 211*DOg DATA OUTPUT 
DATA INPUT 20}¢-D}7 DATA INPUT 

DATA OUTPUT M9}->DO7 DATA OUTPUT 
DATA INPUT DI3->[7] M8}¢—D 16 DATA INPUT 

DATA ouTPUT DO3<{[8) M7] DO¢g DATA OUTPUT 
DATA INPUT DI4—>[9] H6]¢-Dl5 DATA INPUT 

DATA OUTPUT DO4<[i10] 15|-*DOs DATA OUTPUT 

STROBE INPUTST B->[11] 

(0V)GND 


d2essrsw 


14]¢—-CL_R CLEAR 
13}¢-DS2 DEVICE SELECT 


Outline 24P1 


request flip-flop SR is set. Also, the strobed input STB is 
active, the data inputs DI,~Dlg are latched in the data 
latches, and the service request flip-flop SR is reset. 

When MD is high, the data in the data latches is trans- 
ferred to the data outputs. When DS, is low and DS, is 
high, the data inputs are latched in the data latches. The 
low-level clear input CLR resets the data latches and sets 
the service request flip-flop SR, but the state of the output 
buffers is not changed. 


24) Voc (5V) 


(2) GND (OV) 
INTERRUPT 
a7 CONTROL 
@) INT SicnaL 


DATA 
OUTPUTS 
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8-BIT INPUT OUTPUT PORT 


ABSOLUTE MAXIMUM RATINGS | (Ta=0~75°C , unless otherwise noted) 


Ss a aie re er eect eevee mee esa aca 
ee 
Pov | Input voltage, all other inputs except DSI, Wi tee en et Pot tl 

Eve | 
Eel 
| Topr | 


Output ves 


Topr Operating free-air temperature range 


Storage temperature range 


| Limits 
eevee High-level output current a 
[iow [oweesiovputewen TY 
ELECTRICAL CHARACTERISTICS (Ta=0~ 75°C unless otherwise noted) 


Symbol Parameter Test conditions 
High-level input voltage 
Low-level input voltage 


0.85 


nm 
ros) 
= 

b 


Input clamp voltage Vcec=4.75V, lic=—5mA 
Voc=4.75V, Vin=2V, 
High-level output vollade 
Voc=4.75V, Vip=2V, 
Vi_=0.85V, loL_=16mA 
Three-state output current 
*Vi=0.85V, Vo=5.25V 
Vv 5.25V, Vip=2V, 
Three-state output current cc = IH 
Vi_=0.85V, Vo=0. 5 V 
High-level input current, MD input Voco=5.25V, Vij =5.25V 
High-level input current, DS1 input Voc=5.25V, Vi=5.25V 
= 


Ww 
° 
eg 

> 


| 
(on) —_ 
on 
ai 


Es 

[om } 

aa r 
> > 


Vii-=0.85V, lOH=—1mMA 
Voco=5.25V, Vip=2V, 
High- level input current. STB, DS2, CLR, G5 25 Vis EY 
Dl1~ DI8 inputs . 
Low-level inout current, STB, DS2, CLR, 


Voc=5.25V, Vj=0.5V ='05.25 mA 


Dl1~ DI8 inputs 


Low-level input current, MD input Voo=5.25V, Vi=0.5V —-0.75 
Voc=5.25V, V| 0 5V 


Short-circuit output current (Note 3) Veoc=5.25V 


| Ico Supply current from Vcc Voc=5.25V 


' Note 1: All voltages are with respect to GND terminal. Reference voltage (pin 12) is considered as OV, and all maximum and minimum values are defined in prapsoluie values. 


| 
ibe 
> > 


mA 


Low-level input current, D S14 input 


3 
> 


130 mA 


2 : Current flowing into an IC is positive; out is negative. The maximum and minimum values are defined in absolute values. 
3 : All measurements should be done quickly, and two outputs should not be measured at the same time. 


TIMING REQUIREMENTS (1a=25'c. Voo=5V. ne ere 


ee 
Saat Seana 1 
a 
2 [ammenmnmienme [dS 
eee 
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8-BIT INPUT “OUTPUT PORT 


SWITCHING CHARACTERISTICS (Ta=25°C, Vcc=5V., unless otherwise noted) 


Limits 
Symbol Parameter Test conditions (Note 4) 


CPHL (OI-D0) High-to-low-level and low-to-high-level output propagation 
tPLH(DI-DO) | time. from input DI to output DO 
tPHL(DS2D0) | High-to-low-level and low-to-high-level output propagation CL=30pF, RL1=3002, Rr2=6002 


tPLH(DS2D0) | time. from inputs DS1, DS2 and STB to output DO 


TPHL(STB-INT)| High-to-low-level output propagation time, from input STB to output INT 


tPZe 
tpz 


(MD-DO) | Z-to-low-level and Z-to-high-level output propagation 
H(MD-D0) | time, from inputs MD, DS1 and DS2 to output DO 
tPHZ(MD-DO) | High-to-Z-level and low-to-Z-level output propagation 
tPLZ(MD-DO) | time. from inputs MD. DSi and DS2 to output DO 


TIMING DIAGRAMS eererence LEVEL =1.5V 


ween wee a ee ee ee ee ee ee oe _—_—!, 


Di1~Dl ~ ‘é 
ee ee ee a aa a an ala 
tsu(pa) Y ‘| 
DSi, DS2, STB tPHL(DS2-DO) 
TPLH(DS2-DO) 
ee ne eee ee ee ee ee ee Ne ne 
DOi~DO8g 
a aa ae eae —_ 
Sr ee ee ee ee nee ee tee ee ee ee 
Dli~ Dlg 
su (DA) h (DA) 
DS1, DS2, STB TPHL(DI-DO) 
TPLH(DI-DO) 
pe ae eee en ae Ge ar ess ere a Te Ge eee et ye, te en one 
DOi1~DOg 


rcs" elses scsi cs eh oes pee Gm a> 


DSi, DS2, MD 


tPZL(MD-DO) 
tPZH(MD- DO) 


tPHL(MD-DO) 
tPLZ(MD- DO) 


DOi1~DO8 


TPHL(STB-INT) 


TPHL(CLR-DO) 


DO1i~DOg 
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SOFTWARE CODES 


SOFTWARE CODES 
Software products for Mitsubishi’s MELPS microprocessors are designated by the following alphanumeric codes. ° 


1. PROGRAMS 
Example: G A 1 AS 0101 


G: Mitsubishi MELPS microprocessor software 


Kind of microprocessor | 
A: MELPS 8 8-bit parallel CPU 
Z: General 


Operation system 
1: For host computer systems 
2: For target computer systems 


Kind of program 
AP: Application program 
AS: Assembler 
TL: Compiler 
SB: Subroutine 
SM: Simulator 


Identifying serial number 


2. MANUALS AND SUPPORT MATERIALS 
Example: G A M—SR 00—01A<5 2 BO 


G: Mitsubishi MELPS microprocessor software 


Kind of microprocessor 
A: MELPS 8 8-bit parallel CPU 


Z: General 
Language 
‘E: English 


M: Japanese 


Kind of Material 
HR: Hardware manual 
SR: Software manual or operating manual 
PS : Program manual 
SS : Software support materials 
SH: Consumables 


Identifying serial number 


Availability 
A: Unrestricted 


Year of issue—last digit, starting from 1976 = 6 


Month of issue 


1: January 

9: September 

X: October 

Y: November 

Z: December 
Fully revised edition 

A: First 

B: Second 

etc. 


Partial revision (advance of full revision resets to 0) 
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AVAILABLE MATERIALS 


AVAILABLE MATERIALS 


Normal 


Program Program code number shipping Source language 
media 


HOST COMPUTER PROGRAMS 


MELPS 8 PL/Ige cross compiler or. MELCOM 7000 (B-version) 
MELPS 8 cross assembler on MELCOM 70 (A-version) 
MELPS 8 simulator on MELCOM 70 (B-version) 


GAIT L 0400 Magnetic tape | FORTRAN W 
GA1AS 0100 Magnetic tape | FORTRAN N (parts in assembler)| 9—414 
GAISM0100 Magnetic tage | FORTRAN W (parts in assembier) 


M | M b Number Page 
anua anual number of pages g 


PL/I“ CROSS COMPILER MANUALS 


MELPS 8 PL/I Compiler Language Manual (B-version) 


MELPS 8 PL/I Cross Compiler Operating Manual (B-version) GAM-SRO00-09A 


CROSS ASSEMBLER MANUALS 


MELPS 8 Cross Assembler Operating Manual (A-version) ' GAM-SRO0-02A 


SIMULATOR MANUALS 
[ MELPS 8 Simulator Operating Manual (B-version) GAM-SR00-03A 9-17 


HARDWARE MANUALS 


| MELPS 8 Hardware Manual GAM-HRO0- 01A | 36.) — | 


MITSUBISHI : | 
ELECTRIC 9—3 


MITSUBISHI LSIs 


GENERAL DESCRIPTION 


GENERAL DESCRIPTION 
MELPS 8 software is the name used to designate a software 
series provided by Mitsubishi for developing application 
programs or operating systems for equipment in which a 
MELPS 8 CPU is used. 

MELPS 8 software is divided into two parts. The first is 
software used as a tool to develop application programs, 


SOFTWARE CONFIGURATION 


PL/| Cross compiler Simulator 


hd Language processor Program debug Mask ROM automatic generator Execution computer 


Executes and checks a user's program on 
the pseudo CPU in a host computer. This 
allows more efficient program debugging 

and provides more extensive checking 

than can be accomplished by hardware. 


Compiles a source program written in 
PL/|ye language and produces as output 
an object program in machine language. 
The complete Intel PL/M language is a 
subset of PL/I“: therefore, any program 
written in PL/M can be compiled using a 
PL/I compiler. Additional functions have 
been included in PL/I that make it easy 
to use. 


FEATURES: 

® Provides traces and other debugging 
aids 

® Provides simulated |/O operations 

® Provides simulated interrupt operations 

® Simplifies, program modifications 

@ Provides flexibility for symbolic 
addresses 

® Provides data for evaluation of exe- 
cution time 

Translates a symbolic source program | @ Batch or conversational processing can 

written in assembly language and produces} be used 

| as output an object program in machine 

language. Parts of a program can be trans- 

lated and tested, after which they can be 

combined and linked because the indi- 

vidual outputs are relocatable. This makes 

it easy to develop modules and then com- 

bine them to form a complete program. 


Cross assembler 


Host programs 


Assembler 


Translates a source program written in 
assembly language to an object program 
written in machine language for execution 
on the microcomputer. 
Paper tape is used as the source program 
input medium. 

The assembled object program is in 
MELPS 8 binary object format and is 
punched out on paper tape. 

Functions and language specifications of 
the assembler are included in the specifi- 
cations of the cross assembler. 


This is a basic operating monitor program 
‘to control execution of a program as well 
as to facilitate debugging a program. This 
program has a structure which makes it 
easy to expand or reduce the functions. 


CPU with any memory arrangement or 
organization. 


FUNCTIONS 
@ Program execution control 
@ Program debugging 

@ Input/output contro} 

@ Program loading 

@ Memory readout 


Target programs 


Basi eT a General subroutine 
: POP rane me integer arithmetic operation 


The monitor can be used for a MELPS 8 


and the second is software used as a part of application 
programs for MELPS 8 CPUs. MELPS 8 software can also 
be divided into two classifications: the first, ‘host pro- 
grams’, which are developed to run on a host computer; 
and the second, ‘target programs’, which are developed to 
run cn a MELPS 8 microcomputer. 


@ MELCOM 7000 large computer 
@ MELCOM 70 minicomputer 

It is easy to convert these programs for 
use on other host computers because 
they are written in FORTRAN IV and can) 
easily be made transportable. 


Mask read-only memories can be auto- 
matically programmed to a customer's 
specifications. 
M58730-XXXS 


1024-word by 
8-bit mask ROM 
M58731-XXXS_ 2048- word by 
8-bit mask ROM 
M58609-XXS keyboard encoder 
M58620-XXXS_ keyboard encoder 
The following are automatically generated 
by a host computer for customized ROMs 
from data prepared by the customer. 
1. The plotter instructions for automatic 
mask production 
2. A check list for verifying that the 
customer's specifications: have been 
met : 
3. A test program to assure that the pro- 
duction ROMs meet specifications 


@ MICROCOMPUTER 
Microcomputer: MELPS 8 CPUs or other 
CPUs encompassing the specifications of 
MELPS 8 CPUs. 

Memory allocation is free because the 
programs are relocatable. 


The M58730-00IS Mask ROM provides 
arithmetic operations for binary or decimal 
(16 bits or 32 bits) numbers as well as 
logical operations. 


Utility (oader, punch, print) 


Data can be represented in Three basic 
forms: 

1. MELPS 8 binary 

2. Hexadecimal 

3. BNPF 


Input/output control 


Input/output macroinstructions are used 
to make it easy for users to develop |/O 
control sections of their application pro- 
grams. 
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DEVELOPMENT OF APPLICATION PROGRAMS 


The user can develop his application programs in any of operations, input/output control and logical operations. 


three ways. 


Full utilization of these subroutines can facilitate pro- 


1. On a host computer: the MELPS 8 cross compiler or gram development, debugging and implementation. The 
cross assembler is used for object program generation, final media of a developed program can be any of the 
and the simulator is used for program debugging. following: 


2. On a microcomputer: the MELPS 8 assembler is used 1. 
? for object program generation, and the microcomputer is 

used for execution and implementation of programs. 

3. On a combination of host computer and microcom- 
puter: object programs are produced by the MELPS 8 
cross compiler and/or the MELPS 8 cross assembler ona 2. 
host computer. The object programs are debugged and 
implemented on a MELPS 8 microcomputer under con- 
trol of the basic operating monitor. 


The user can develop MELPS 8 programs using general- 
purpose subroutines for functions such as arithmetic 


PROGRAM DEVELOPMENT 


| 

(PROGRAM GENERATION WITH HOST COMPUTER) { (PROGRAM GENERATION WITH 
! 
| 


MICROCOMPUTER) 
CODING 


SOURCE PROGRAM 


CROSS 
COMPILER 
PL/I 


OBJECT PROGRAM 


OC) 


OBJECT PROGRAM 


t 
| 
| 
| 
| 
| 
I 
| 
( 
{ 
{ 
| 
| 
| 
| 
l 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
' 
| 
| 
| 
! 
( 
| 
| 
| 
OBJECT PROGRAM 
| 
| 
{ 
t 
{ 


Paper tape: there are four basic forms of object pro- 
grams on paper tape—MELPS 8 binary, simple (IPL) 
binary, hexadecimal and BNPF. Object programs on 
paper tape are stored in RAMs and are loaded by the 
appropriate loader. | 
PROM: the developed program is programmed in a 
PROM using the PROM writer; then this PROM is 
installed in the appropriate PROM socket of the micro- 
computer. 


. Mask ROM: Mitsubishi Electric is ready to produce a 


mask ROM to a user's specifications. The object program 
can be in MELPS 8 binary, hexadecimal or BNPF form. 


(PROM WRITING) (MASK ROM CODING) 


MASK ROM 
AUTOMATIC 
DESIGN 
PROGRAM 


ROM TEST 

PROGRAM | 
MASK FOR 
DRAFTING ees 
COMMAND 


| A LARGE 
TESTER 


PROM 
WRITER 


WAFER TEST 
FINAL TEST 
QA TEST 


OBJECT PROGRAM MASK ROM 


MELPS 8 Asie 
BINARY BASIC ORERA 


— ( Hexavecimat 
Re eee | 


MONITOR 
BOM-B 


BNPF M58731-001S 


1/0 CONTROL ‘LOADER 


LOAD TO RAM 


MASK ROM 
MICROCOMPUTER OR 
MICROCOMPUTER APPLI- eer abe 
CATION EQUIPMENT FOR OPERATIONS 
MASK ROM 
DEVELOPED PROGRAM _M58730-001S 
EXECUTION ASSEMBLY 
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DESCRIPTION 


Mitsubishi supplies this cross compiler on magnetic tape 
to users of MELPS 8 CPUs. The cross compiler is written 
in FORTRAN IV for execution on the MELCOM 7000 
and can be easily run on other host computers with a 
FORTRAN IV compiler. 

The PL/Iu language gives MELPS 8 microcomputer 
users the same advantages that users of mini and large 
computer systems have with the high level programming 
languages that are currently available. It has the same 
language structure as PL/I and has been designed to take 
advantage of the system architecture of the microprocessor. 
System designers can use PL/I to quickly and easily 
implement new applications. In addition, programs written 
in PL/I are self-documenting so they can be easily 
changed and maintained. PL/Iu is recognized as one of the 
best suited languages for programming microcomputer 
applications because the user retains the control and 
efficiency of an assembly language. 


FEATURES OF THE PL/I CROSS COMPILER 
@ Conditional compile with preprocessor 

@ Inline assembly 

@ Source program editing at compile-time 


Fig. 1 PL/I cross compiler processing system 


SO 


CROSS COMPILER 


@® COMPILE 
@ LINK 


Ordering number 


ORDERING INFORMATION 
Programs 


Program name 


MELPS 8 PL/I cross compiler 


Assignment of programs to ROM or RAM regions 
Generates a relocatable object program 

Linking function 

Easily understood error messages 

Flexibility in input/output media 

Execution computer: MELCOM 7000 (BPM/UTS 
monitor) 

@ Implementation computer: MELPS 8 microcomputer 

@ {Implementation language: FORTRAN IV 

PL/Iu has a preprocessor that allows user to modify pro- 
grams under development at compile-time through the use 
of conditional compile, exchange, exclude and include 
functions. A program is divided into fixed and variable 
segments, and these segments are automatically assigned to 
the appropriate memory (RAM or ROM) during compiling. 


The link editor can link up to 20 object programs (files). 


FEATURES OF THE PL/I“ LANGUAGE 

Bit operations 

Three-level structure 

One-dimensional arrays 

Allocation of variables to specified absolute addresses 
Multi-entry function 

Interrupt function 


MELCOM 
7000 


Program and software manuals included 


GAM-SR00-07A 
GAM-SR00-08A 


GAM-SR00-09A 
GAM-SR00-10A 


MELPS 8 PL/I 4 Cross Compiler Operating Manual (B-version) 
MELPS 8 ,Assembly Language Manual (A-version) 
MELPS 8 Cross Assembler Operating Manual (A-version) 


MELPS 8 Simulator Operating Manual (B-version) 
MELPS 8 Hardware Manual! 


Source Program 

MELPS 8 PL/I Compiler Summary Manual (B-version) 
GAITLO400 MELPS 8 PL/I fe Compiler Language Manual (B-version) 

MELPS 8 PL/I Cross Compiler Operating Manual (B-version) 

MELPS 8 MELCOM 7000 PL/If Cross Compiler Operating Manual 


Reference Manuals for Separate Ordering 
Manual name 
MELPS 8 PL/I 4 Compiler Summary Manual (B-version) - 
MELPS 8 PL/I Compiler Language Manual (B-version) 


GAM-SRO00-07A 
GAM-SRO00-09A - | 


GAM-SR00-03A 
f GAM-HRO0-01A 
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ASSOCIATED FUNCTION 

Users of PL/Iu will find it flexible and easy to use because 
of its many special features such as the preprocessor, the 
link editor and the memory manager. 

The preprocessor has 10 statements that can be used at 
compile-time to edit a PL/I source program. These can 
generate, exchange or delete program text, as well as 
modify definitions, references and macroinstructions. 


Fig. 2 Linking of two programs 


VARIABLE 
SEGMENT 


5 
- w 
= 
< oO 
am uu 
ro) ” 
(e) 
ir Te 
oa x 
LL 


PROGRAM B 
FIXED SEGMENT 

VARIABLE 

SEGMENT 


PL/I « LANGUAGE 

The PL/Iu language is a subset of the popular PL/I language 
with the addition of special functions to take advantage of 
the microprocessor’s architecture. The main features of the 
PL/I language are as follows: 

Easy to Read and Write 

The statements are written in free-format and are independ- 
ent of columns and lines. The statements are formatted 
in natural language. It is easy to express, read and under- 
stand the programs. Programs written in PL/I are self- 
documenting. 

Block-Structured Language 

Programs written in PL/I consist of one or more blocks 
which are called procedures. A procedure (block) can be 
thought of as a subroutine. The block structure of PL/Iu 
simplifies modular programming. Each procedure can be 
conceptually simple and, therefore, easy to formulate and 
debug. 


BASIC LANGUAGE SPECIFICATIONS 

1. Statements 

The basic unit of the PL/I language is called a statement. 
A procedure (block) is composed of one or more state- 
ments, and a program is composed of one or more 


LINK EDITOR 


The link editor is able to link up to 20 object programs 
that have been generated by MELPS 8 software. The 
memory manager divides PL/Iu programs into fixed and 
variable segments and assigns the segments to the appro- 
priate memory. A fixed segment is assigned to a non-write 
area (ROM) while a variable segment is assigned to a write 
area (RAM) during compiling; at the same time, the starting 
address of each segment is recorded for linking (see Fig. 2). 


ADDRESS ASSIGNMENT 


AFTER LINKING 
FIXED SEGMENT 


kK 
Zz 
vm 
= 
7) 
i 
”Y 
uu 
Ral 
a 
< 
oa 
<x 
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procedures. The statements are categorized as follows: 


Statements — Procedure definition : PROCEDURE 
statement 
— Declaration DECLARATIVE 
statement 
— Condition IF statement 
— Non-condition Assignment state- 
, ment, DO _ group, 
and others 


The last character of a statement must be a semicolon 
‘;' A statement may have a label (identifier) which is the 
name of the statement. 


Example EXAMPLE :X=Y+2Z; 


2. Identifiers 
PL/lu identifiers are used to name variables, procedures, 
macroinstructions and statements. An identifier may be up 
to 31 characters in length, and the first character must be 
an @, ? or alphabetic (A~Z) character. The remaining 30 
characters may be alphanumeric (A~Z, O~9), @ or ?. 
Reserved words may not be used as identifiers in the 
PL/lu language. 
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3. Data Elements 

The PL/I data elements represent constants or variables ways in PL/I. PL/Ilu accepts constants in binary, octal, 
(1—16 bits in length}, arrays (1 dimension) and 3-level decimal and hexadecimal bases and character strings (ASCII 
structure. Constants can be expressed in several different or ISO code). 


Example of a PL/I“ program 
ea ifs |s re slats elas Lie L273 es Pe a a eae aaa se a ot eee ses Li ae be ee oteree 


pa city THIS 1s A SAMPLE FOR A: CATALOG San eee eee eecerecsccesenne Peete eee ee eee eee cent e earn een e eee eee nee eseeen eases 
DECLARE Sian ar BULNARY: (G7) i | 1s, a Dae ok aes Heid a Wed neaege: 
a | FOREVER BINARY 07), INITIAL GQ) ype perprrper terre ® 
He ie ea fed oii eps ep tottied miata ses Pe ss EE COR eo NE wee Ua DS bd 


7*| LF VARIABLE FOREVER, |S, TRUE», THE, STATEMENTS, 
_T,0_THE CORRESPONDING E: END, ARE, EXECUTED ees 


HI, ‘LE E, FOREVER: come emo nome Res ae day acantacd ee ae 


oes 
Beer nwa ALNPUT. PORT. 10, AND, SAVE, IN VARIABLE, | eo noes 


1 HE ee ee Pet SEI CUE a ere Coe eee EEE 


Peewee med eee erer seer ernseeseseasss tana sdeeesseesssseteseenessessesssedeeeaenerererereseeeseresserendneterenseresrenesesaenee 


ST aise VALUE ris: USED, 10 SELECT ONE, OF ! | 
ui|. THE STATEMENTS, OF, DO-CASE TO EXECUTE | */, fo wee eae 


o} ft 1 oj tt te Tee th i oro i ee se AN i i ie REC a Coe Pret CNL FE 
D CASE! |, AC Gris Sareea ee Eee area ee sec eeeseeeedeon ioe eee ar ae Se he a 
hath a a Gra | J jf , Se cha eee teh SP a ae ete a fas Decent Pewee Ieee Vevcel meee) eied cranes ae id ea] Sr Despre: Lee ered Ese | 

oan eee (aa / 3 150 J) ieeeee ees eeee eee sae eee eee eee e een ene cme 


7 


Tena Ve He i ce Ee ed ee (ee cel Sa nes tr! es Se as We ee sl el Ue Vl Cs We cee dR COs lI Cn dT coe ee iS on oe 
DO>, | ee) ee aS en OnE sD ae 2 eM SW fish ian ot Pe eh 


foownt ey WRITE 8 AT OUTPUT PORT. AND HA LT = / eens 
* 5 3k 
ABN RS AEE EEL RI a Lott 
I i Sai SI 4 ! : : | 
Ys, td. OUTPUT 7 5B )HOBHS, crterrrersersegetseeseesenes Ge ipebiedaiaassvactweanessie: feeaeepepenpeteesenteeneen es ararane ® 
po WAL , ) : euneewey 
Beret tT rn 
fener © 
pf 
ase : : : : ; 
Roe pp T PUT (5.5 =8,0,H.>, { CES a Wee eel Sa Fo co bof Pepe pd je Po ap ee 8 p= pe ete te 
eed ! Peas pat Aft ef : Pa WO: ee ea 
ae 1=2 x : awae Hi Sih ear 
ene eee eet Be Of ed l : ! (oo 
i sient Saute OUTPUT, | (5,) =4.0,.H3 , ! , ease ste ht ohare apie, Ac 
Paes END; a anette Oa a OV a OY ta ca ae es es 
reewne a erein oe Pe eeeetee 
pk ty END, a vas Oe Sie eg ee SON a Rs ele tee! el 
recite Sesseee est tttensvsser et TesvansverrertttT 


. Comments are preceded by ‘/*’ and followed by ‘*/ ’. 

. The initial value of a type declared variable ‘FOREVER’ 
is 1. 

. DO-WHILE group. 

. The device number of an input instruction is expressed 
using a number. 

. DO-CASE group. 

. O8H used in the output instruction indicates a hexa- - 
decimal number of value 08;.. 
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LANGUAGE SPECIFICATIONS 


55-character set 


Character set Alphabetic: A~~Z , Currency unit ($), Numeric: O~9Q 
Special = + —%* / 5 2 2 35 € > %'()@ ? (blank) 


Comments 


ADDRESS PLUS 
ALIGNED PROCEDURE 
AND RELOCATE 
BASED RETURN 
THEN 
Reserved words BY E TO 
EXTERNAL UNALIGNED 
GENERATE | WHILE 
GO XOR 
GOTO 
HALT 
IF 


Constant types 


BINARY(n) 135nS15,BIT(m) 1S5ms16 
LABEL INITIAL BASED DATA BYTE ADDRESS 
EXTERNAL INTERNAL ALIGNED UNALIGNED 
* / MOD + —- PLUS MINUS . 
<{ <= <> = = > 
NOT AND OR XOR 

Arrays One-dimensional, 1~ 255 elements 

Structures Three-level, array structure 


Expressions Arithmetical expression, logical expression, structured expression 


Insert statement, CAL Lstatemant, DE CLARE statemant, D!| SABLE statemant, 
Statements DOgroup, ENABLEstatemant, ENTRY statemant, GENERATE statement, 
GOT Ostatement, HALTstatement, 1 F statement, NUL L statement, ON statement, 
PROCEDURE statement, RELOCATE statement, RE TURN statemant 


LENGTH 
. LOW 
Library functions MEMORY 
OUTPUT 
PARITY 


% insert statement, “ACTIVATE statement, ~DEACT I VATE statement, 
Preprocessor statements %ENDstatement, “EXCLUDE statement, “GOT Ostatement, 71 F statement, 
%\NCLUDEstatement, “MACR Ostatement, “NU LL statement 
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DESCRIPTION 

This cross assembler is used to convert source programs in @ Implementation language: FORTRAN IV (parts are 
assembly language to object programs in MELPS 8 format written in assembly language) 

(8-bit binary format) on a host computer. The assembly 
language consists of mnemonic instructions (each mnemonic 
instruction corresponds to a machine language instruction), 
pseudo instructions and macroinstructions. It is obvious 
that the assembly language makes programming and modi- 
fication of programs easy. The pseudo instructions and 
control commands in this cross assembler give the user flexi- 
bility and improve programming efficiency. 


FEATURES OF THE ASSEMBLY LANGUAGE 

@ 13 pseudo instructions 

@ Algebraic expressions 

@ Character constants and strings 

@ Octal, decimal and hexadecimal numbers 

@ The mnemonic codes of the machine instructions are the 
same as Intel’s. 


FEATURES OF THE CROSS ASSEMBLER INPUT/OUTPUT MEDIA 


© Generates a relocatable object program © Source input Punched card, paper tape, 
® Linking function magnetic tape and magnetic 
@ Multi-assembly disk 

® Conditional assembly @ Object input : Magnetic disk 

® Flexibility in input/output media ® Control command input : Punched card 

® Output of symbolic table of the object program © Object output : Paper tape, magnetic tape and 
® Execution computer: MELCOM 70 (memory capacity magnetic disk 


more than 24K words, monitor BDOS) 


CROSS ASSEMBLER PROCESSING SYSTEM 


SOURCE PROGRAM CONTROL COMMANDS JOB CONTROL LANGUAGE 
CROSS ASSEMBLER 


@® ASSEMBLER 
@ LINK EDITOR 
LISTING 


wo 


MELCOM 70 


RELOCATABLE | 
OBJECT MODULES 


ORDERING INFORMATION 


Programs 
Program name Ordering number Program and software manuals included 


Source Program 
MELPS 8 Assembly Language Manual! (A-version) GAM-SRO00-01A 
MELE Ss eucieee ascemnes sinew? MELPS 8 Cross Assembler Operating Manual (A-version) GAM-SR00-02A 
: . MELPS 8 Cross Assembler & Simulator Operating Manual (on MELCOM 70) GAM-SRO00-04A 


Reference Manuals for Separate Ordering 


Manual name Manual number 


MELPS 8 Assembly Language Manual (A-version) GAM-SR00-01A 
MELPS 8 Cross Assembler Operating Manual (A-version) GAM-SR00-02A 
MELPS 8 Simulator Operating Manual (B-version) GAM-SR00-03A 


MELPS 8 Hardware Manual GAM-HRO0-01A 
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FUNCTION 
The control commands and pseudo instructions in this cross 
assembler give the user flexibility and improve the efficien- 
cy of programming. The cross assembler allows linking, 
multi-assembly and conditional assembly. 

The control commands are shown in Table 1, and the 
features and their limitations are shown in Table 2. 


Table 1 List of control commands 


Classification Control command name 
Execution start | RUN | 

Assembler control 
ee 
input/output assignment | ASMB8 | 


Assembly Block assignment BLOCK 


control 
command 


File assignment 


Link control 
command 


Execution control 


Link assignment 


Link location assignment 


Link editor Maximum 20 programs on the disk 


Program segmented to non-write 
area (ROM) and write area (RAM) 


Multi-assembly , Maximum 9999 programs 
Conditional assembly Maximum 20 blocks. 
Card, disk, paper tape, magnetic tape 


Flexibitity in 1/O media selection 


Multi-Assembly 
Many programs can be batch-assembled in one run. 


SOURCE PROGRAMS CONTROL COMMANDS 


/ASMB8,L,C,S 


beg 


n source programs 


where 4Sn=9999 


NAM 
EN 


$$ 


Conditional Assembly 
Only the designated blocks of a source program are 
assembled. 


SOURCE 
PROGRAM 


BLK 0 
BLK 1 


BLK 2 


Linking of ROM/RAM regions 
ROM and RAM regions are linked separately. 


SOURCE CONTROL 
PROGRAM COMMANDS 


NAM PRI 
RAM 


CONTROL 
COMMAND 


OBJECT 
PROGRAM 


/ / { ASMB8L,D, S 
/ / / BLOCK, 2 
/ / / RUN 


Only the block designated with this 


number is assembled. 


OBJECT 
PROGRAM 


CROSS ASSEMBLER OBJECT PROGRAM 

The cross assembler object program is composed of many 
object modules, and each module is composed of a name, a 
symbolic part and a text part. A final part ends each object 
program. 

The symbolic part contains the symbolic name corre- 
sponding to symbols. It is possible to program using 
symbolic names because each module contains a symbolic 
part. 

The object is composed of an 8-bit binary code, and one 


byte of the instruction code is expressed with one character 
(8 bits). 


Fig.1 Structure of object modules within an object program 


MODULE 1 MODULE 2 


TEXT PART 
FINAL PART 


be 
alte) 
oe | 
Cn 
ONQe 
s||=o 
tila 
Zz 


TEXT PART 
NAMED PART 
SYMBOLIC 
PART 
TEXT PART 
NAMED PART 
SYMBOLIC 
PART 
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ASSEMBLY LANGUAGE FUNCTIONS 
The assembly language consists of mnemonic instructions 
(each corresponding to a machine language instruction), 
pseudo instructions and macroinstructions. 

Pseudo instructions are executed by the cross assembler 
when a source program is being assembled, and they modify 
the object program. Macroinstructions are converted to 
small segments of machine instructions that are then in- 
serted in the object program. These inserted segments 
execute the functions of the macrginstruction. 

Algebraic expressions, alphanumeric constants, character 
strings, octal numbers, decimal numbers, hexadecimal num- 
bers and symbols may be used as an operand in instructions. 


1. Machine Instructions: 
There are 78 basic machine instructions. These are converted 
to their corresponding machine language instructions and 
then inserted in the object program. 

A summary of the machine instructions is given in Table 3. 


Table 3 Summary of machine instructions 


Classification instruction functions 


Direct data set 
Between registers 
Between memory and registers 


Data transfer instructions 


Addition, subtraction, comparing and logical oper- 
ations using the accumulator together with reg- 
isters, Memory or carry flag 


Addition, subtraction, logical 
operations and compare 
instructions 


Registers, register pairs and memory incremented 
or decremented 


‘Increment and decrement 
instructions 


Circulate and shift instructions j} Circulate or shift the accumulator’s contents 
Accumulator adjust instructions | Complement, decimal adjust 
Carry instructions Complement, set 


Unconditional jump 


u instructi = 
SUMP CInSHUCUONS Conditional jump 


Unconditional subroutine call 


Subroutine call instructions i ; 
Conditional subroutine call 


Unconditional return 


Return instructions fs 
Conditional return 


input/output control instructions] Input and output control 


Enable interrupts 


Interrupt control instructions : 
P Disable interrupts 


Saves the contents of registers 
Restores the contents of registers 


foms on 
Others 
No operation 


Stack operation instructions 


2. Pseudo Instructions 
Pseudo instructions control 
assembler while source programs are being assembled. They 
are not assembled as instructions in the object programs. As 
shown in Table 4, there are 13 pseudo instructions. 


the execution of the cross 


Table 4 List of pseudo instructions 
Instruction 


Classification mnemonic 
symbols 


Names of instructions 


Assembler control NAM Program name declaration 
instructions : 
ORG Program counter setting 
ROM ROM region declaration 
RAM RAM region declaration 
BLK Block declaration 
END End declaration 
Link symbol assignment | ENT Entry name declaration 
t 
Be Ceyens EXT External reference symbol declaration 
Memory contents EQU Value symbol setting 
Definition instructions DEF* Data setting 
DADR| Address setting 
Storage allocation instructions] B S §** | Storage allocation 
List control instructions EJE Page eject declaration 


*® DEF and DADR pseudo instructions set the data or the address in the memory location 
where the instruction is. See Fig. 2. 


**BSS pseudo instruction sets the program counter to the value of the operand. 


Fig. 2 Example of DEF and DADR pseudo instructions 


CONTENTS 
OF MEMORY 
LAB 


(00001019 
ADDRESS 
01000004 
000114144 
DEF ’A’,1FH [Joooo110'1 
DADR 15p——!__ |[oog00000 


DADR 265 
foo oooor 


DEF 10 


3. Macroinstructions 

Macroinstructions are converted to object program segments 
in machine language that executes the macroinstruction 
The 
included in this cross assembler. 


functions. following two macroinstructions are 


Table 5 Macroinstructions 


Instructions Corresponding statement 
GET i, i | oats mputinucton 
i, j 


OUT n 


where LO 
n=64i+} 
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wn 
MACHINE INSTRUCTIONS g g 2 
~ >. > : 
[instruction code J SSS Address bus 
Ket tae Function 
Mnemonic D7Ds 0sD4D3 02D1Do0 Hotan gS g S ctions S Z P CY2CY1) Contents pari Contents V0 Wate 
01 DODD Sss 5i1i (r1) — (ra) X X X X X 
01 110#SSS8S 7/1] 2 (M) <—(r) Where, M=(H)(L) | X X X X X M 
ot bDDD 110 7111/2 (r) —(M) Where, M=(H) (L) Xx X X X X M 
00 6 pe DW 110 7121/2 (r) <n Xx X X X X 
<B2> . 
00 110 1410/3 6/10; 2! 3 (M) <n Where, M=(H) (L) Xx X X X X M 
<B2> 
LX! Bm 00 000 001 |0 1;10;] 3; 3 (C) —<Ba> X X X X X 
<B2> (B) — <B3> Where, m =<B2> <Ba> 
<B3 > 
LXI D,m 00 010 001 {114410} 3) 3 (E) —<Ba> Xx X X X X 
<B2> (D) « <Ba> Where, m =<B3> <B2> 
<B3> 
LXI H,m 00 100 001 {21/10/33 (L) —<Ba> Xx X X X X 
<B2> (H) — <Ba> Where, m =<83> <B2> 
<B3> 
LX1 SP,m} 00 110 0081 |3 1/10} 3} 3 (SP) <-m Xx X X X X 
<B2> 
<B> [ Ao. 
5 SPHL 11 4111 0901 ([F 9/51 if _(SP) —(H) (L) xX X X X X 
D STAX B 00 000 010 {0 2/7/11 2)]((B)(C))<(A) Xx X X xX X | (B)(C) (A) M4 
& |STax od 00 010 010 ({12]7 I 2 | ((D) (E) ) (A) X XX X X] (D)(E) (A) M4 
= LDAX B |00 o00TfT OTO0j{0A\7|{1]2 (A) — ((B) (C)) Xx X X X X ((B) (C) Ma 
g LDAX D 00 011 010 {1A{7/1] 2 _ (A) = ((D) (E)) X X X X X 
oO |STA m 00 110 010 {3 -2!13{ 3] 4 (m) — (A) x x xX x X 
<B2> 
<B3> 
LDA im 00 111 #010 ]3 Aj 13 a) (A) —(m) 
<B2> 
<B3> 
SHLD m 00 100 010 /2 2)]16/3)]5 (m) —(L) 
<B2> (m+1)<—(H) 
<B3> 
LHLD m 00 101 010 /2A (L) <—(m) 
<B2> (H) <— (m+ 1) 
I <B3> = Ae 
XCHG __ 11 #7101 O11/EB H) (L) <*(D) (E) ate ae ee 
XTHL 11 #4100 011/E3 (H) (L) ( (SP) +1) ((SP)) ((SsP)) 111 Me 
M3 |((SP)+1)} 1 M3 
r 710 600 SSS (A) —CA)+¢r OO00O00 
M 10 000 110/86 (A) — (A) +(M) Where, M=(H)(L) [O OO00 M Ma 
n 11 000 110/;,C6 (A) —(A)+n OO0O000 
<B2> acai 
r 1 o 001 sss 4}1)1 (A) (A) +(r)_ +(CY2) OOO00 
M 10 001 1410/8 E/7/1! 2 (A) —(A)+(M)+(CY2) Where, M=(H)(L) |OOOO00 M Ma 
n 11 #001 1410 {CEI{7j 2} 2 (A) —(A) + n +(CY2) OO0000 
<B2> rhs 
B 00 001 001 [0 9/10! 1 | 3 (H) (L) —(H) (L) +(B) (C) Xx X X O xX 
D ome ¢ a © ay es © a © | 19/10] 1 3 (H) (L) —(H) (L) +(D) (E) X X X O X 
H 00 101 001 |2 9/10/11] 3 (H) (L) —(H) (L) +(H) (L) xX X X OX 
™ sp 00 111 001 /39/10/11/3 (H X XxX X O xX 
= r 10 010 SSS {4 114 (A) —(A) = (r) OO000 
a M 10 010 110/96;7!/1/)2 (A) —(A)- (M) Where, M=(H)(L) |OOOO00 Ma 
E n 11 010 14110/D6/7/ 21/2 (A)—(A)— n OO0000 
o <B2> 
s r =, 10 011 SSS ty Tid I (A) —(A)~(r) — (CY2) OO000 
Q M 10 011 110/9E/7}] 1] 2 (A) —(A)--(M)—(CY2) Where, M=(H)(L) |OOOO0O00 
8 n 41° 011 410 (DE/7/2\2 (A) (A) ~ n —(CYe) ome me meme) 
rs) = <B2> | | 2 - oe eee 
| = r 10 100 S885 4,111 (A) — (A) A(r) Oo000 0 
£ M 10 100 110 j;A6/7/1)2 (A) (A) ACM) Where, M =(H)(L) |O OO 00 
£ n 11 4100 410 |E 6,742) 2 (A) (A) A n O0000 
Z <B2> | L 
r 10 101 S8S58 4/1141 (A) — (A) ¥(r) O00 0 0 
M 10 101 14110/AE]7/ 142 (A) — (A) ¥(M) Where, M =(H) (L) OOO 0 0 
n 11 #1701 t10/\E€E aaa (A)—(A)¥ n O00 0 0 
<B> 
70 110 SSS atv?) (A) —(A)\ (r) OO000 0 
10 4110 1410/8 6/17/1/)2 (A)—(A)\ (M) Where, M=(H)(L) |]OOO 0 0 
11 #1410 410;{F 64/7)2/) 2 (A) (A) \ on OO0os0 0 
<B2> 
10 114141 #SSS 4/1 ]1 (A) — (r) OO000 
10 117 #410 |BE}7)/1/2 (A)—(M) , Compare: Where, M=(H)(L) |O O O00 
17 #14119 #24740 |F EY 7) 2) 2 (A) ~- on O0O000 
B2> 
DOP 100 5/1] 1 (r)«-(r)+#1 O0O00x Oo 
a 110 100 (3 4/10/11] 3 (M) = (M) +1 Where, M-(H)(L) [OOO x O 
g DDD 101 5) 1/1 (r)—Cr)-1 O0O00x oO 
5 110 101 /35/]10,1]| 3 (M)s—(M) —1 Where, M=(H)(L) |OOO x O 
5 000 01171 /03/5/11]1 (B) (C) —(B) (C) +1 Xx X X X X 
8 010 011/13/5; 1/41 (D) (E) —(D) (E) +1 Xx X X X X 
S 100 011/23/5/1)1 (H) (L) —(H) (L) +1 Xx X X X X 
. § 110 011 /33;5/]11]1 (SP) <—(SP) #1 Xx X X X X 
ge 001 011 /oB/5]771/1 (B) (C) —(B)(C)—1 xX X X X X 
2 ® o11 0714 ;1B/5/1/]1 (D) (E) + (D) (E)--4 X X X X X 
& 2 101 011/2B8/5]1/] 1 (H) (L) <(H) (L) -1 Xx X X X X 
_ 4111 0114 /;3B8/5!/1)1 (SP) +-(SP)-1 X X X X X 
000 1117 if/o07/4/171 x x X © X 
$68 1 
B25 
c 
g25 i mee Left shift CY2 
238g 00 011 111 |1F 
compen.| DAA 00 100 111/27 O00 90 
STC 00 110114 raz p att XX X aes 
arry set cmc oo 111 14111 /3F (CY2) — (CY2) xX _X 2 aes (ee el be Cee 


*: State is T;. +: State is To 
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£ Bre 
Instruction code ‘ “ s = Address bus Data bus 
Mnemonic eae a Functions Mach. Mach. 
DsD4D3 D2D1De! mal | o| 6] o S Z P CYzCY1!Contents «|Contents|!/0 ee 
D7Ds DsD4D3 Rotate else cycle cycle 
ol 3 | 3 


H (PC)« m X MxM XXX M2 
M3 
(PC)+ (H) (L) 
(CY2)= 1 
(CY2) =0 | tf condition is true \f condition is true 
(PC)< m 
(Z2)=1 M2 
M3 
Q. = 
E (Z)=0 
5 } 
3 
( S )=0 | If condition is false 
(PC)+ (PC) + 3 
~4)((SP)-2)< (PC) +3. (PC)+ m <B> M2 
(SP) «- (SP) ~2 <B3> | M3 
<(PC)+3>7 4] O Ma 
<(PC)+3>3 of O Ms 
-1) € (SP) ~ 2)*-(PC) + 1, (PC)+-n x 8, <(PC)+1>7 af O Ma 
- (SP)- 2 Where, 0-tn-7:7 (PC)+D3 a O M 
If condition is true If condition is true 
8 ((SP)~1) ((SP) ~2)"(PO) + 3 re 
@ M3 
P=) (PC)—m Ma 
3 
5 (SP)-—(SP)--2 Ms 
“a 
if condition ts false 


(PC)+-(PC) + 3 


((SP) +41) (C(SP)),(SP)«-(SP) 42 
Ms 
} D8 4 If condition is true 
2 1 DO / 0 
5 ie) om :) ~ 1 | (PC)«-( (SP) +1) (CSP) ) (SP) Ma ( (SP) ) Ma 
3 fe) co -0 1 (SP)« (SP) +2 (SP) +1 Ms |((SP) 41) Ms 
og 1 FO - 0 Ne oa ai 
1 F 8 24 If condition is false If condition is false 
re) E 8 ~1 |(PC)« (PC) 14 
fe) EO : 
Input/ | 'N . oe DB (Input buffer) + (Input device of number n) Ol; Ma 
. 2 <B2> Ba2> M5 
output | out oa 171 #01 D3 (Output device of number n) +- (A) anpureele) Ma 
| control <B2 <B2> <B2> Ms 
Fa ET eae 
ontrol 11 #1410 011 4 1 | (INTE) <0 
PU PSw 1 ?t10 71701 3} ((SP)-1)+* (A), C(SP) 0 
(SP) <—(SP)-2 fe) 
PUSH B ((SP)--1)* (B).C{SP) 2)« (C) fe) 
(SP) + (SP) -2 O 
((SP)—1)+- (BD), C(SP)- 2)* (E) O 
fe) (SP) se \(SP) 2 ) 
c ((SP)~—1)« (CH). C(SP) > 2)< (L) @) 
9 (SP) + (SP) -2 O 
» Fo (F) <«((SP)), (A) =—( (SP) +1) i 
& (SP) <-(SP)+2 (SP) +1 ! 
” Cc 1] 10 (C) +((SP)),(B)< ((SP)+1) (SP) | 
(SP) —(SP)+2 (SP)+1 | 
D1] 10 (E) -((SP)),(D) «+ ((SP)+1) 
(SP) «(SP)t2 | 
11 #100 E14] 10} 1 }37(L) <-(€(SP)).(H)+«-((SP)+1) | 
- t 2 | 
NOP 00 000 000/00]41]1]1 4 (PC) —(PC)+1 x X X X X | | 


* : State is T1. ** > State is Te. 


Bicasiaind | Data is transferred in direction shown ? 
}_m [Two-bytedata ae peo Contents of register or memory location 

ee” Caran | v_|incusveOR ©. '/ 

|_<B2> | Second byte of instruction ds LO memory. |v [excusveORSCS~S«*Y 

[ea | third byte of instructon SSC 

| AAA _| Binary representation for RST instruction n Bee 

DDD | _fiscomplement 

e 8-bit data from the most to the least significant |___x__| Content of flag is not changed after execution _| 

bit S, Z.0,CY1,0,P, 1, Cv2 | __© | Content of flag is set or reset after execution 

|! finputmode 

| sP p | Oy 


Output mode _ _ 
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CODING EXAMPLES 


Examples of coding using control commands and the 
assembler language of the cross assembler follow. 


1. Control Commands | 


1. Control commands are in the following general form: 


ERASE TERI IIIB EIS Z02 2208 4 286128 ER 913018 


olf.» Parameter List, |. . 


Gas fe Ue el le 


cs ae ce pont 
i 


2. Two source programs are read in from the card reader, 
and the assembly lists are printed. 


8 9 Lon sfrattstsainsivel tals alzoleslezes}ea|osiz6iz7[zeles|sosi]a2|33 


' 
j—J J fj 


7.7, ,ASMBI8,L>C> 
/,/,/ RUN >] 2 


S,  Letsae arenes ieee! Ma 


SSH a WY eee ek (Er eve De et 


3. Four object programs (files) F11, F12, F13 and F14 on 
the disk are linked together and a relocatable object 
program is generated and filed in RF 11 on the disk. 


[1] 2{3]aj5 [6] 7/8) 9|1ol11}12]13/14)15]16.17/18119,20,24;22)23/24]25]26/27]28]29130131]32/33 


is 
Gs Ro No Do F119F1,2.9,F 


2. Assembly Language 
1. A statement is of the following general form: 


ERE ENEMA AESOP ITI 


Mnemon |! | [Opera nd |: 


nine 


Blea aie POS cee ON ne nem Wes Ue 
‘ t 


HR ee ee eg Ole A! Ne AL Fs Re DG ND red Pa 


Where, “indicates a blank, and | | defines a field that is 
optional. 


2. This example evaluates the data in address INDATA 
against the table at address TAQ1. It then jumps to the 
appropriate processing program according to the evalua- 
tion. The first address of the corresponding processing 
program is located at address SENS. 


i2[3]a[s]e] 7) e] 9[iolr[iz{ia[sali5]16)17[18[19]20]21]22]23]24]25]26]27/28]29]30131]32133] 


oe ane PY PS (Cre ee De EO Ee 
eS aes es Cee eC ' 


» 0, ee ee 


40 aa 
@ An asterisk in the first column icicates that the eatite 


statement is a comment. 

(2) The program name is declared as ‘PROM’. 

3) The external programs referenced by this program are 
declared. 

@ The external programs that reference this program are 
declared. 

(5) The program segment from here to the next RAM 
pseudo instruction is regarded as a ROM region. 

© The symbol MAIN refers to the value in the program 
location counter at this source program statement. 

@) Locations can be referred to by symbols. 

Octal numbers can be used. 

() Expressions can be used in the operand field. 

The statement following a blank after an operand field is 
a comment. 

Declares the start of a RAM region. 

(2 Hexadecimal numbers can be used. 

@ Character constants in ASCII code can be used. 

The address of symbol TAB 1 is set to the location of 
address SENS and SENS+1. 
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DESCRIPTION 
A pseudo CPU and a pseudo memory are modeled in the 
host computer by the simulator, and programs in the 
pseudo memory are executed by the pseudo CPU to debug 
and test programs. 

The simulator contains a powerful set of 26 control 
commands for efficient program debugging. 


FEATURES 

Set of 26 powerful control commands 

Batch and conversational processing 

Symbolic addressing 

Execution time calculations 

Intermediate results saved in specified format 

Look-back option when tracing 

Binary, octal, decimal and hexadecimal numbers are 


selectable 

Assignment of program segments to ROM or RAM region 
Memory protection 

Interrupt function 

Flexibility in input/output media 

Continuous processing of input/output data 

Execution minicomputer: MELCOM 70 (memory capac- 
ity more than 24K words, monitor BDOS) 


SIMULATOR PROCESSING SYSTEM 


ABSOLUTE OBJECT PROGRAM 


wea 


ORDERING INFORMATION 
Programs 


Program name Ordering number 


CONTROL COMMANDS 


CJ oC 


SIMULATOR | 


fe ee eee 
INTERMEDIATE RESULTS 


@ Programming language: FORTRAN IV (parts are written 
in assembly language) 


FUNCTION 
The trace command function assigns a specific trace region 
so that it traces only the specified program steps. Execution 
of the simulation can be halted by a breakpoint which can 
be assigned to any location. Program debugging efficiency 
can be expected to increase by the use of these functions. 
Memory protect and ROM regions are simulated. This 
means the simulator will not allow writing in a ROM region 
and will not allow either reading or writing in a memory 
protect region. Therefore, the program under simulation is 
completely simulated, including the state of the memory in 
the object computer system. 


Input/output media 

® Object program input : Paper tape, magnetic tape and 

magnetic disk 

@® Control command input : Punched card and keyboard 

: Magnetic tape and magnetic 
results output disk 

@ Simulation result output : List 

@® |Input/output data : Punched keyboard, 


paper tape and magnetic tape 


@ Simulation intermediate 


card, 


JOB CONTROL COMMANDS 


MELCOM 70 


EXECUTION RESULTS AND MESSAGES 


Program and software manuals included 


Source Program 


MELPS 8 simulator (B-version) GA1SM0100 


MELPS 8 Simulator Operating Manual (B-version) 


GAM-SR00 -03A 


MELPS 8 Cross Assembler & Simulator Operating Manual (on MELCOM 70) GAM-SRO0 -04A 


Reference Manuals for Separate Ordering 


Manual name 


Manual number 


MELPS 8 Assembly Language Manual (A-version) 


GAM-SR0O00-01A 


MELPS 8 Cross Assembler Operating Manual (A-version) 


GAM-SR00-02A 


MELPS 8 Simulator Operating Manual (B-version) 


GAM-SR00-03A 


MELPS 8 Hardware Manual 


GAM-HR00-01A 
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CODING METHOD OF CONTROL COMMANDS 


The input formats for control commands are shown in Fig. 1. 


Fig. 1 Input formats for control commands 


Column no. | 1 


[coments [Bonk [Corman 


. The number of 
No. of columns { ey mole characters in the 
columns command 


1 or more 


columns 
Remarks The command, parameter list and comment Not required if the command is 
must be less than 73 columns. typed in from the system typewriter 


CONTROL COMMANDS 


The simulator includes 26 control commands as shown in Table 1. 


Table 1. List of control commands and their functions 


Program loading or 
saving intermediate 
results 


Changing control 
command input unit 


Simulator contro! commands 


Control commands 


Action 
Start simulation 
Reinitialize 
End simulation 
Load object program 
Save intermediate results 
Changes to card reader 


Changes to system typewriter 
Starts execution of the object 
program 
Starts execution of the object 
program 


Mnemonic command 


The number of 
characters in the 
parameter list 


7 nD 


1 or more 
SOlnAAR Free 8 columns 


Comments 


Starts simulation and designates the input unit for control commands. 


Sets the state to the same state it was after the START command execution was 
completed. 


Returns to the monitor when executed during simulation. 


The absolute object program or the saved intermediate partially executed program is 
loaded. 

All information such as executed commands. contents of registers and flags, and so 
forth. are saved in external memory. 


The command input unit is changed to the card reader. 


The command input unit is changed to the system typewriter. 


The stop point can be designated by either an address or the number of 
instructions to be executed. 


Continues execution until a HLT instruction is encountered. 


Assigns a breakpoint 


Releases an assigned breakpoint 


Steps 


Assigns a ROM region 


GO 
RUN 
BREAK 
NOBREAK 
STEP 


A breakpoint is assigned by an address or a range. 

A breakpoint assigned is released. 

Breakpoints are assigned after every specified number of machine instructions. 
It is declared that region assigned with this command is the ROM region. 
The assigned ROM region is released. 

A memory protect (unaccessible) region is assigned. 


An assigned memory protect region is released. 


Printing out the contents of registers, the program counter and flip-flops along with 
the executed instruction codes while executing the instructions in a trace region. 


The assigned trace region is released. 


Assigning memory | Releases an assigned ROM region 

3 regions Assigns amemory protection 

c region 

E Releases an assigned memory 

S protect region 

£ Assigns a trace region TRACE 

QO 

ps Trace 

> 

3 Releases an assigned trace region UN OTRACE 

i 
Set data SET 
Interrupt INTER 

Counts the number of cycles TIME 
Assigns a base E 
Printing out 


1/0 
cammands 


Input/output simulation 


Prints out 


Input simulated 


Output simulated 


cannes «ONY 
i 


iP 
OP 


Registers, stack pointers, program counter, flag flip-flops, |/O ports and the contents 
of memory are set. 


If interrupt is enabled, the 1-byte instruction associated with this command is executed. 


Counts the total number of cycles of the machine instructions executed before this 
command is encountered. 


A base for printing is assigned. 


The contents of registers, stack pointers, program counter, flag flip-flops, 1/O ports, and 
memory are printed according to the assigned base. Look-back Is possible. 


The current program counter or the assigned value is printed out in binary, octal, 
decimal or hexadecimal. 


Defines an input string for a machine instruction IN. 


Defines an output string for a machine instruction OUT. 


Note 1: The underlined part of the mnemonic command can be used as a short mnemonic. 
2: The control command ‘START’ is the first command, and its input unit must be the card reader. 
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EXAMPLE OF SIMULATION 

The program shown in Fig. 2 is simulated using the contro! 

command in the sequence shown in Table 4. The program 

in Fig. 2 is named ‘CON102’. It converts a decimal integer 

(O~65,535) to a binary number. 

The decimal number to be converted is stored in ad- 
dresses DED1~DED5 in ASCII code, and the converted 
result is stored in addresses BID and BID+1 (see Table 2). 
Further, if characters other than O~9 are found in addresses 
DED1~DEDS5, the A register is set to ‘1’ as an error flag; 
and if the converted result is more than 65,535, the carry 
flip-flop is set to ‘1 as an error flag. 

The simulation is executed in three segments as follows: 
1. The test values are set in memory addresses DED1~ 

DED5. 

2. The program is executed. 

3. The simulator confirms that the contents of addresses 
BID and BID+1 are the correct value for the conversion 
of data in addresses DED1 (address 9113)~DED5 
(address 9117). At the same time, it confirms that the 
contents of the A register and the carry flip-flop are 
correct. | 


Fig. 2 Assembly listing of the objective program ‘‘CON102” 


The objective program listing is shown in Fig. 2, and 
explanations of the simulation control commands using this 
example are shown in Table 4. 


Table 2 Memory location and contents 


The 5-digit decimal integer is a X 104 +b 103 +c 
«102 +d X410+¢e, and a, b, c, d and e are set in 


ASCII code. 


Table 3 Error flags for conversion 
Error and no error display 
‘be corivérted Carry flip-flop 
Integer 0~65,535 io 0 


Converted result 
core 


Not correct 


Not converted 


More than 65.535 


haracter other than 


decimal digits 


**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR 


0001* x 
0002x CON102 * 
0003% x 
0004 2328 
0005 2328 
0006 232B 
0007 232D 
0008 232E 
0009 2330 
0010 2333 
0011 2335 
0012 2338 
0013 2339 
0014 233A 
0015 233D 
0016 2340 
0017 2342 
0018 2344 
0019 2345 
0020 2348 
0021 234A 
0022 234D 
0023 2350 
0024 2351 
0025 2352 
0026 2355 
0027 2358 
0028 235A 
0029 235D 
0030 2360 
0031 2361 
0032 2362 


219923 CON102 


C0100 


D23 
C0000 


cooo! 


co101 


C0002 


C0102 


C35D23 


0033 3A9A23 
0034 

0035 

0036 

0037 

0038 

0039 

0040 

0041 

0042 

0043 
0044 D,10000 
0045 C0005 
0046 D 
0047 A 
0048 C0104 
0049 BID 
0050 CO006 
0051 

0052 CO006 
0053 A;11 
0054 A 
0055 

0056 

0057 

0058 

0059 

0060 

0061 

0062 

0063 


CO005 
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Table 4 An example of the use of simulation control commands. 


MELCOM 70 is used as the host computer, and the input unit for the control commands is select- 
START. M70;,CARD ed to be the card reader. 


LOAD D START:;5 
SET CPU SP=10000 PC=9000 


The object program is input from the paper tape reader (device number 5). 


The stack pointer is set to the value 10,000, and the program counter is set to the value 9,000 


SET MEMORY; DED1=314 
SE M;DED2: DED5=32+4;334,35#,37+ 


DISPLAY CPU;SP;PC Displays the contents of the stack pointer (SP) and the program counter (PC) for confirmation: 


Data is set in memory. 31# is stored in location DED1, 32# in DED2, 334 in DED2 +1, 35# 
in DED2 + 2, and 37# in DEDS5. 


Confirms whether or not the correct value is set in memory. Here, D is the abbreviated command 
for DISPLAY and M for MEMORY. 


D M;DED1:DEDS5 


The program is executed until the machine instruction HLT is encountered, printing out the 


contents of the PC and SP registers and flip-flops at each breakpoint that was assigned by 
BREAK above. 


Confirms whether the conversion is correct or not, displaying the result of the conversion in 


D M>9119:9120(@) 


binary form. It can also be confirmed by finding the change of the contents of registers H and L 


in the list that is printed out during execution. 


S M:DED1=36 nr 
S M>,DED2:DED5=352 36# is set in address DED1, 35# in addresses DED2 ~ DEDS5 and 43# in address DED4. 


S M;DED4=43# 
S CP,;PC=9000 9,000 is set in the program counter. 


The data and the result are printed in the hexadecimal because the BASE command is not used. 


D M;>9113:9120 


SAVE 2;SAV1 
START M70;C 


LO CONT;2;SAV1 


TYPE The input unit for control commands is changed from the card reader to the keyboard. 


37# is set in address DED1, 35# in DED1 +1, 37# in DED1+2, 35#in DED 1+3 and 37# 
in DEDS. 


In this case, including a character other than 0 ~ 9 confirms whether or not a ‘1’ is set in the A- 


register after execution. 
intermediate results are saved in file SAV1 of the disk. 


MELCOM 70 is used as the host computer, and the input unit for the control commands is 
selected to be the card reader. 


The intermediate results that were saved are loaded from the disk. The file name is ‘SAV1’. 


II 
ll 


S M,;DED1:DED5=374#;35+4 


S CPU,;PC=9000 The start address is set. 
S M;:DED1:DED5=302 30 #is set in addresses DED1 ~~ DED5. 
GO Executes until an HLT instruction is encountered. 


S M;9113=364 
Ss M,9115=35# 


Execution starts. Executes until an HLT instruction is encountered. 
D M:;9113:9120 Confirms the conversion result. 


Executes until a HLT instruction is encountered. Confirms whether or not a ‘1’ is set in the carry 


36# is set in address 9113, 354 in address 9115. 
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1. CODE CONVERSION PROGRAMS 


There are 4 code conversion programs for conversions 
between hexadecimal numbers and their corresponding 
ASCII code in binary notation. Details of these programs 
are given below. 


Table 1 Correspondence of number formats 


symbols binary number hexadecimal symbols 

00110000 
00110001 
00110010 
00110011 
00110100 
00110101 
00110110 
00110111 
00111000 
00111001 
01000001 
01000010 
01000011 
01000100 
01000101 
01000110 


TMMVUADPweMnAnAawn—-o 


1.1 Binary (4 Bits) to ASCII (1 Character) 
Conversion (BTA) 


This program converts the low order 4 bits in register A (a 
hexadecimal number O~F) to the corresponding 8-bit 
ASCIl-coded hexadecimal symbol ‘0’~’F’. The result is 
retained in register A. Registers B, C, D, E, H and L are not 
affected. 


Register Status 


Contents at return 


Binary number to be converted | 8-bit ASCII code for the high 
A in the low order 4 bits order hexadecimal symbol 


B.C.D.E, H and L Contents at start 
CLEAR HIGH ORDER 
4 BITS IN REGISTER A 


Register Contents at start 


Flow Chart 


CONVERT TO A~F 
IN ASCI! CODE : 


1.2 Binary (8 Bits) to ASCII (2 Characters) 


Conversion (BTA 2) 
This program converts the 8 bits in register C (a 2-digit 
hexadecimal number OO~FF to the 2 corresponding 8-bit 
ASClIl-coded hexadecimal symbols ‘0’~‘F’. The results are 
retained in registers H (high order) and L (low order). 
Registers B, D and E are not affected. 


Register Status 


Contents at start 
Binary number to be converted 


Contents at return 


8-bit ASCII code for the high 
order hexadecimal symbol 


8-bit ASCII code for the low 
. order hexadecimal symbol! 


Flow Chart 


| ae | 
Peed 


CONTENTS OF REGISTER A 
SHIFTED 4 BITS TO RIGHT 


| BTA | 


(H)<(A) 


Program Listing 

i T2[3}4[5[6] 7/8] 9fioliifi2}i3{4)15} 1617/18] 19|20|2 |22123124) 25]26]27|28|29] 30/3 [32/33 
dese | Petersen seeeeonmen nee 

* ke SUB CBT A2 * 


x *BULNARY, 1.0 (TWO, ASCII, CHARACTERS 
Peee ieee ee ee eee oes 


* 
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1.3 ASCII (1 Character) to Binary (4 Bits) 
Conversion (ATB) 


This program converts the 8-bit ASCII! code in register C (a 
hexadecimal symbol ‘0’~‘F’) to a 4-bit binary number 0000 
~1111. The result is retained in the low order 4 bits of 
register A. If register C contains a code for a character other 
than ahexadecimal symbol O~F, it is recognized as an error; 
the carry flip-flop is set, and the program is exited. Registers 
B, D, E, H and L are not affected. 


Register Status 


A Hexadecimal number in binary 
form in the low order 4 bits 
ASCII coded hexadecimal symbol | ASCI! coded hexadecimal 
C to be converted symbol to be converted 


Flow Chart 
(A )—(C ) 


(CY2) SET TO1 
AS ERROR FLAG 


2) 
Uv 


Cc 


P*) 6.10 jo 
Oim 2\v 
“J Oo 


or 
© 


DiAD(DiAiaAiocio 
of fT zZivioa 
QO |“ O|> 


| 


ET 


1.4 ASCII (2 Characters) to Binary (8 Bits) 
Conversion (ATB 2) © | 


This program converts the two 8-bit ASCII codes in registers 
H and L (2 hexadecimal symbols ‘0’~‘F’, high order in 
register H and low order in register L) to an 8-bit binary 
number (O~255,09). The result is retained in register A. If 
register H or L contains a code for a character other than a 
hexadecimal symbol ‘O'~’F’, it is recognized as an error; the 
carry flip-flop is set, and the program is exited. Registers D 
and E are not affected. 


Register Status 


A 8-bit binary number 
(2 hexadecimal digits) 
iw . 4-bit binary number in the high order 4-bits 


conversion of high order hexadecimal symbol 

C Low order ASCII coded hexadecimal 
symbol to be converted 

H High order ASCII coded hexadecimallHigh order ASCII coded hexadecimal 
symbol to be converted symbol to be converted 

L ’ tLow order ASCII coded hexadecimal]Low order ASCII coded hexadecimal 

symbol to be converted symbol to be converted 


Pome 


Contents at start 


Flow Chart 


(WH) 
fi ATB | 
YES 
ERROR ? 


CONTENTS OF REGISTER A 
SHIFTED 4 BITS TO LEFT 


(B)<(A) 


(Cp<(L) | 


! ATB 


(A)<(A)+ (B) 


Program Listing 


Be en Cia ara ixinatanaeavanaanaaioa 
Z | 


Pius | (ADD... | 
Peo a7 See eee Teese ee ree ee 
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2. SORTING PROGRAM (SORT) 


This program sorts records (1 byte in length) in descending 
order. Up to 65 535 records can be sorted. The binary num- 
ber 255, cannot be used as data because it is reserved for 
the end-of-data mark. This data is stored in descending 
order according to the rank of its sort key. 

The program sorts by comparing a data item with all 
other data items, thus determining its rank. The data associ- 
ated with the sort key is then stored in descending order 
according to that rank. 

This program can also recall the data associated with any 
record, If the rank k (1 < k ¢ 65 535) is stored in memory 
locations ORD and ORD+1, the 1-byte data associated with 
that rank is stored in register A; and then control is 
returned to the user’s program. If k is specified as zero, 
register A is set to zero and control is returned to the user’s 
program. | 


Register Status 


yes 
yes 
no 

yes 
yes 
yes 
yes 

: 


Storage area for sorted data 
Mins (MAX is the first address) n+ yes 
Address in PRO of record 


Address in MAX for storing 2 
result 
M1___| Address of record to be ranked | 2 |_—_ves 


Contro! area User's area 


Flow Chart 


START 


INITIALIZE ADDRESS j TO 
PRO, j IS THE RECORD TO 
BE RANKED 


INITIALIZE ADDRESS i TO PRO, 
THESE ARE THE RECORDS TO 
BE COMPARED 


INITIALIZE ADDRESS k TO MAX, 
k IS THE ADDRESS OF THE kth 
RANKED RECORD’S DATA 


CALL RECORD TO BE RANKED 


FROM ADDRESS j 


NO WK YES 


COMPARE (i) AND (j) 


LOAD REGISTER A WITH DATA | 
OF THE kth RANKED RECORD 


LOWER RANK BY 1 
k<e-k+ { 


STORE DATA OF RECORD j IN 


OUTPUT FILE CORRESPONDING 
TO ITS RANK k 


INCREMENT j TO NEXT 
ADDRESS 


MITSUBISHI 


10—4 


ELECTRIC 


_ MITSUBISHI LSis 


MELPS 8 PROGRAM LIBRARY 


Program Listing 


[if2] 3} a{s/6[ 7/8) afro ifiai3{ialis| eli 718] 19) 20121/22]23]24) 25] 26/27/28129| 30,31] 32133 


1 


112] 3/4]5]6 [7] 8/9 ]ioft ifiz[i3/iali5]i6/17]18)19]20]2\[22}23/24)25}26]27]28}29]30) 3 ]32}33 


ie es Da es ee Pm PS Kes nes oe Do 
SORT } 


1 4 : 
ee ee ee qeee 


Br ee es a We a 


| Ceres Memes Lied Enmore crs eure cameo Lope! Logie Epc eee 


rata ile teas Eek 60 est ees see Denn Exe Ree Ps 


Rea coe Lee Laks leet) Lea Qolcenvcmeet Ons] Col Eee! Lane Loses Se Lene’ ME! Lue eee Gees Ca 


—Pp R Oe ar eres 


es eC rss es een as Ps ae 


L DATA AREA iii 


RO et a Sea FO OT eG Pe Cr 


Explanation Keyed to Program Listing 


@ The program name is defined as ‘SORT’. 

@ |f column 1 of a statement is ‘*’, it is considered a 
comment. 

@) Defines the value of data. 

@ The ‘#' in FF# indicates that FF is a hexadecimal 
number. 

(S) Reserves a region to store the results. 

© The above program is defined as a RAM region because 
its contents are variable at time of execution, and this is 


a ROM region because its contents are fixed. 


tial Poe i ae Of ia 7 ae ee 


ae ee ee ee eee 


ie en es ee 


qh he SS he 


hood des Boo) 
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INTEGER ARITHMETIC OPERATIONS 


MASK ROM MS8730-001S 


DESCRIPTION 


The MELPS 8 Subroutine 1 ‘Integer Arithmetic Operation’ 
is programmed on a standard M58730-001S mask ROM. It 
includes 18 subroutines for a MELPS 8 CPU. Although the 
basic unit of a MELPS CPU is 1 byte (8 bits), units of 2 
bytes (16 bits) and 4 bytes (32 bits) can be easily processed 
using these subroutines. 

These subroutines contain sections of common coding; 
therefore, when using the subroutines, the CPU must be 
running in interrupt disable mode. 

These subroutines can be divided into the following 
general classifications: 

Addition routines 
Subtraction routines 
Multiplication routines 
Division routines 

Shift operation routines 
Logic operation routines 


FEATURES 


@ All programs implemented using a pseudo accumulator 
ina RAM region. | 

@ Easy processing of 2-byte or 4-byte data. 

@ Jump to subroutines via transfer vectors. 


1. SUBROUTINE REFERENCE 


In a user's program, the subroutine calling sequence is as 
follows: 


Fig. 1.1 Subroutine reference 


(USER’S PROGRAM) 
TVTB EQU 24576 
STAC EQU TVTBt+3 
} LDDL EQU TVTBt+6 


(TRANSFER VECTOR) (SUBROUTINE) 


TVTB JJMP LDAC 


lens: JMP STAC 
le 7 U7Ea | UME LODE 


CALL STAC @ 
DADR DAT! 


\o 


Note 1: The processing order is D. @. @, @ and G). A transfer vector is used 
to set the entry address of each subroutine. 


RO 


: Transfer vectors are used for subroutine calls because they are not affected by 


changes in program size. 


ioe) 


: The absolute address of a subroutine or its transfer vector must be defined 
before it is called. 
4: The absolute address of a subroutine or its transfer vector refers to the table 


of subroutine functions. 


2. RESERVED MEMORY LOCATIONS 


Memory locations 6000, ,~63FF 1. of the ROM region are 
reserved. In addition, a 50-byte RAM region, locations 
3FCE,¢6~3FFFis, is reserved for executing the ROM 
subroutines. | 


3. DATA PROCESSING UNITS OF SUBROUTINES 


The MELPS 8 CPU processes data units of 8 bits (occasion- 
ally 16 bits) while these subroutines process data units of 
2 bytes (16 bits) or 4 bytes (32 bits). 

3.1 One Word Length (2 bytes) 

A data unit of 2 bytes (16 bits) can be represent three 
binary coded decimal digits, 16 logical elements, a binary 
number with a range of —2!°~2!°-1, or two characters. 
This data structure is shown in Fig. 3.1. 


Fig. 3.1 Data structure of one word length (2 bytes) 


1 BYTE (8 BITS) 


1 BYTE (8 BITS) 


1 WORD LENGTH (2 BYTES) 


3.2 Double Word Length (4 bytes) 

A data unit of 4 bytes (32 bits) can represent seven binary 
coded decimal digits, a binary number with a range of —2°' 
~2>!—1, or four characters. The data structure is shown ih 
Fig. 3.2. | 


Fig. 3.2 Data structure of double word length (4 bytes) 


1 BYTE (8 BITS) | 1 BYTE (8 BITS) | 1 BYTE (8 BITS) 
1 WORD LENGTH (2 BYTES) 1 WORD LENGTH (2 BYTES) 


DOUBLE WORD LENGTH (4 BYTES) 


1 BYTE (8 BITS) 
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INTEGER ARITHMETIC OPERATIONS 
MASK ROM MS8730-001S 


4. NUMERICAL EXPRESSIONS 

Numbers can be organized in 16-bit or 32-bit units as 
shown below. 

4.1 16-Bit Binary Number 

This binary number of 16 bits is organized as one unit. 
Negative numbers are in 2’s complement form. The number 
has a range of —2'°~2'*—1 (-32768~32767). 


Fig. 4.1 Organization of 16-bit binary number 


15 8 7 O 


aH (S) POSITIVE : 0 a DECIMAL POINT 


NEGATIVE : 1 


THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M+1. 


aE) 8 if. O 
i Preerees 
ADDRESS M + 1 | : | | | | | | ADDRESS M 


4.2 32-Bit Binary Number . 
This binary number of 32 bits is organized as one unit. 
Negative numbers are in 2’s complement form. The number 
has a range of —2?!~23!—1 (-2147483648~2147483647). 


Fig. 4.2 Organization of 32-bit binary number 


SIGN (S) POSITIVE :O0 NEGATIVE : 1 
DECIMAL POINT 
THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3. 


15 8 7 O 
31 24 23 16 


4.3 32-Bit Decimal Number 

This decimal number of 32 bits consists of a 7 decimal digit 
numerical part and a 1 digit sign part. The number has a 
range of -10’+1~10’—1 (-9999999~9999999). 


Fig. 4.3 Organization of 32-bit decimal number 


101 10° 


SIGN (S) POSITIVE : O16 NEGATIVE : Fig DECIMAL POINT 


THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3. 
15 8 7 O 


ADDRESS M + 1 ADDRESS M 


31 | 24 xe) 16 


ADDRESS M + 3 ie ADDRESS M+2] , 10° 10¢ 
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INTEGER ARITHMETIC OPERATIONS 
MASK ROM MS8730-001S 


5. SUBROUTINE FUNCTIONS 


Subroutine 
name 


LDAC LOAD one word (2 bytes) data into the pseudo ACCUMULATOR. (Note 1) 


STORE one word (2 bytes) data of the pseudo ACCUMULATOR in the location specified 
STAC 
by the operand address. 


LDDL LOAD DOUBLE LENGTH (4 bytes) data into the pseudo accumulator. 
STORE DOUBLE LENGTH (4 bytes) data of the pseudo accumulator in the location 60EC 
ee specified by the operand address. (24812) TVTB+ 9 


SHIFT LEFT DOUBLE LENGTH (4 bytes) data in the pseudo accumulator n bits. When 6100 

SLDL n does not satisfy the inequality 1<n<32, it is considered an error condition. Then register 39 TVTB+ 24 
A is set to 1, and the pseudo accumulator is not shifted. (24832 ) 
SHIFT RIGHT DOUBLE LENGTH (4 bytes) data in the pseudo accumulator n bits. When 6127 

SRDL n does not satisfy the inequality 1=n<32, it is considered an error condition. Then register 39 TVTB+24 
A is set to 1, and the pseudo accumulator is not shifted. (24871 ) 


Transfer vector iProcessing time 
symbolic address | (max) in ms 


Function and error condition in hexadecimal 
(in decimal) 


60B7 TVTB 
(24576) (Note 2) 
60CA 

(24778) TVTB+ 3 
60D8 

(24792) TVTB+ 6 


MN 


0.2 


0.3 


Oo 


© 


3 


ARITHMETIC shift RIGHT DOUBLE LENGTH (4 bytes) data in the pseudo accumulator 614E 
ARDL n bits. When n does not satisfythe inequality 1<ns< 31, it is considered an error condition. -TVTB+27 
Then register A is set to 1, and the pseudo accumulator is not shifted. (24910) 


EXCLUSIVELY OR the pseudo ACCUMULATOR (2 bytes) data and the operand. The 618E 

XRAC : 

| xRac result is retained in the pseudo accumulator. (24974) PB reo. 

NDAG AND the pseudo ACCUMULATOR (2 bytes) data and the operand. The result is retained 61A0 TVTB+12 

in the pseudo accumulator. (24992) 
t 

ORAC Inclusive OR he pseudo ACCUMULATOR (2 bytes) data and the operand. The result is 61B2 TVTB+15 

retained in the pseudo accumulator. (25010) 


ADD the contents of the pseudo ACCUMULATOR (2 bytes) and the operand. The sum 
ADAC is retained in the pseudo accumulator. If a carry is generated by the addition, register A 12+ (20) 6104 TVTB+30 
is set to 1 (overflow); otherwise, it is set to 0. (Note 3) (25028 ) 


ADD the contents of the DOUBLE LENGTH pseudo accumulator (4 bytes) and the 12+ (22) 61D0 

ADDL operand. The sum is retained in the pseudo accumulator. If a carry is generated by the TVTB +36 
addition, register A is set to 1 (overflow); otherwise, it is set to 0. (Note 3) (25040) 
SUBTRACT the operand from the contents of the pseudo ACCUMULATOR (2 bytes). 12+-(20) . 61F 0 

SBAC The difference is retained in the pseudo accumulator. If a borrow is-generated by the Note 3) (25072) TVTB+33 
subtraction, register A is set to 1 (overflow); otherwise, it is set to 0. 


SUBTRACT the operand from the DOUBLE LENGTH pseudo accumulator (4 bytes). The 12+ ( 22) 61F CO 
SBDL difference is retained in the pseudo accumulator. If a borrow is generated by the sub- (Note 3) (25084) TvTB + 39 0 


0.2 


0.2 


0.2 


0.3 


0.3 


0 


Ww 


So oS oO. 
WwW w Ww 


w 


traction, register A is set to 1 (overflow); otherwise, it is set to 0. 


MULTIPLY the contents of the pseudo ACCUMULATOR (2 bytes) by the operand. The ra E 
MLAC product is retained in the pseudo accumulator. 67 ra 18) TVTB + 42 12.0 
DIVIDE the contents of the pseudo ACCUMULATOR (4 bytes) by the 2-byte operand. 
The quotient is retained in the high order 2 bytes, and the remainder in the low order 6261 
DVAC 2 bytes of the pseudo accumulator. If the 2-byte operand (divisor) is greater than or equal 195 (25185) TVTB+45 
to the high order 2 bytes of the dividend or is 0, it is considered an error condition. 
Then register A is set to 1, and the contents of the pseudo accumulator are unaltered. 
DECIMALLY ADD the contents of the pseudo accumulator (4 bytes) and the operand. 12+ (155) 6324 
DCAD The sum is retained in the pseudo accumulator. If a carry is generated by the addition ies (25380) TVTB+ 48 0.7 
(overflow), it is considered an error condition; and register A is set to 1. (Note 3) 
DECIMALLY SUBTRACT the operand from the contents of the pseudo accumulator (4 12+ (155) 6330 
DCSB bytes). The difference is retained in the pseudo accumulator. If a carry is generated by (25 392) TV TB+51 1-3 
the subtraction (overflow), it is considered an error condition, and register A is set to 1. (Note 3) 
Note 1: The pseudo accumulator is a double length (4 bytes) register reserved in the Note 4 : The subroutines occupy 800 bytes of memory. The transfer vector table 
RAM. occupies 54 bytes of memory. The save registers B, C, D, E, H and. L; and 
2 : The starting address of the transfer vector table (TVTB) is 24576. return routines occupy 129 bytes of memory. Total memory requirement is 
3 : The number in () is the number of steps in common routines. 983 bytes. 
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MASK ROM MS8730-001S 


6. BASIC CALLING SEQUENCE 


- ~-—= Describes the subroutine named ‘SUB’ being called. 
Symbolic address of the operand (ABC) used by the called subroutine. 


Defines the operand (ABC) and reserves memory for it. 


In this example using this subroutine, the program adds 
two 4-byte binary numbers and stores the sum in locations 
WORK~WORK+3. 


i{2{3{ 4/5] 6{7{ 8/9 /roltifia{iaiialistieli7iigiig 
| .,,,{IORG ,. 13 7004 ————— Absolute address of the programs start. 
TVTB,, | EQU,,, 2 4567 —_———— Absolute address of the transfer vector table's start. 
ILDDL, , | |E Qu... |TV.1TB+6, ————— Absolute address of subroutine LDDL's transfer vector. 


ST DL BE Qu TVTB+9, ———— Absolute address of subroutine STDL's transfer vector. 
ADDL, , | |EQU, , | —_—-—. Absolute address of subroutine ADDL’s transfer vector. 


- Operand 


Operand 


Reserves a 4-byte region to store the sum. 


WORK, ,| BSS, /4 
Pio LICALL, , [LDL 
PeravEll 


DATAI Loads operand (DATA 1) into the pseudo accumulator. 


Adds operand (ABC) to the contents of the pseudo accumulator and retains the result in the pseudo 
accumulator. 


f }__ Stores the sum in locations WORK ~ WORK +3. 


Note : ‘#' flags a hexadecimal number. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 
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